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VOL. 46. I9II. No. 205. 


Proceedings of the Five Hundred and Tenth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 
November 10, 1910—Dr. GissERT Kapp, Presi- 
dent, in the chair. | 


The PRESIDENT: Ladies and Gentlemen,—To-night is an historic 
occasion ; it is the first time that our Institution meets in its own 
home. The Council hope to celebrate that great change in a fitting 
manner at a later date, but meanwhile they offer you a hearty welcome 
on your first appearance in your own house. 

For thirty-eight years we have enjoyed the hospitality of the Insti- 
tution of Civil Engineers, but the growing importance of our profession 
and our growing membership have made it necessary to acquire these 
premises. Probably you will not find in all London a better site for 
a scientific Institution than the one which we have been fortunate 
enough to secure, and the Council trust you will also find the struc- 
tural alterations which had to be made to adapt this building for our 
purposes perfectly satisfactory. If we feel at home here, as we all 
hope we shall do, we should not forget that we have been indebted 
for a long time to the hospitality of the Institution of Civil Engineers, 
and I think we cannot begin our proceedings to-night in a better way 
than by passing, which I ask you now to do by acclamation, a hearty 
vote of thanks to the Institution of Civil Engineers for their long- 
continued hospitality. 

The resolution was carried by acclamation. 

VoL. 46. 1 


2 TRANSFERS. DONATIONS TO THE LIBRARY. (Nov. 10th, 


The minutes of the Annual General Meeting, held on May 26, 
1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 
TRANSFERS. 
From the class of Associate Members to that of Members— 


Sydney Edward T. Ewing. | William Tatlow. 
Harold A. McGuffie. Arthur Kepple Taylor. 
John Charles A. Ward. 


From the class of Associates to that of Associate Members— 


Edward Alan Christian. | Henry Herbert Pickford. 
William A. Fitzgerald. Thomas Reginald Stancombe. 


From the class of Students to that of Associate Members— 


Charles Edmund Abell. John Marshall. 

Ernest Adamson. John Wm. G. Meaby. 
Frederick Wm. Geoghegan. Stanley Melbourne Mohr. 
George Harlow. Edward Gerald G. Thompson. 


Hugh C. C. Tufnell. 


Donations to the Library were announced as having been received 
since the last meeting from E. Bennis & Co., Ltd., The Board of Edu- 
cation, Dr. C. Chree, T. H. Churton, The Commission of Conservation, 
Canada, W. R. Cooper, N. R. Corke, W. Cramp, J. T. Dixon, Dr. C. V. 
Drysdale, W. Duane, J. Eck, The Engineering Standards Committee. 
A. Garbasso, T. Hart, Dr. A. Hay, H.M. Patent Office, H. M. Hobart. 
С. W. О. Howe, E. P. Hyde, A. Н. Jackson, Professor T. Mather, 
R. B. Matthews, W. P. Maycock, The National Physical Laboratory, 
Е. E. Nipher, Major W. A. J. O'Meara, C.M.G., W. Н. Patchell, С. 
Quincke, E. Raymond-Barker, The Silent Electric Clock Company, 
Technische Hochschule zu Danzig, Professor W. C. Unwin, L. Н. 
Walter, and Dr. H. Wilde ; to the Building Fund from Major W. A. J. 
O'Meara, C.M.G. ; and to the Benevolent Fund from J. Е. Avila, The 
Electrical Engineers’ Ball Committee, The L.C.C. Electrical Staff 
Dinner, W. Routledge, J. H. Tonge, and The “ 25 Club,” to whom the 
thanks of the meeting were duly accorded. 


The PRESIDENT: I shall now call on Colonel Crompton to make a 
few remarks on the work of the International Electrotechnical Com- 
mission. 


1910.} INTERNATIONAL ELECTROTECHNICAL COMMISSION. 8 


Colonel R. E. B. CRoMPTON, C.B.: It may not be known to the 
members present here to-night that almost the first use to whicb 
this building was put after it had been acquired by the Institution 
was to hold in it the first meeting in England of the International 
Electrotechnical Commission. That meeting was held in the small 
original theatre that occupied this identical site. Mr. Arthur J. Balfour 
was then in the chair and addressed the assembled delegates. During 
the time that has elapsed since, the question of the international 
interchange of electrical ideas had gone on apace, and now sixteen 
leading countries of the world have joined, and have formed their own 
committees to co-operate with the other national committees. As you 
know, the Institution of Electrical Engineers of England from the very 
first took a leading part in the question, and, as I have already said, the 
first Congress was held here in this building. The second meeting, 
which was of the nature of a rehearsal for the full meeting which is to 
be held at Turin next year, was held for the first time in another 
country, in Brussels last August, and I have been asked to say a few 
words to you to-night as to what there took place. It will be best, 
perhaps, to put it in the words of the President of the International 
Commission, Elihu Thomson, the well-known American scientific 
man, and one of the greatest men of the time, at all events in 
our electrical world. In acknowledging the receipt of the Reports 
of the Conference, Elihu Thomson said that “no work of such huge 
importance to the electrical industry has exceeded that of the work 
commenced during the last few years in the international exchange of 
electrical ideas. It is a very difficult thing to carry on these matters 
internationally ; there are many jealousies to be overcome, many sus- 
ceptibilities to be met; and it is something to be proud of that no 
quarrels and no troubles have yet arisen." 

We now seem to be in a fair way towards obtaining what we 
desire, that is, a practical international language of electricity, i.e., 
that an engineer in any country may be able to express himself in 
such electrical terms as to be understood without risk of error by 
the electrical engineers of other countries. This is the first object. 
Our second object is to some extent to standardise machinery, so 
that its output and nature can be understood equally all over the 
world. This is what in England and America is called Rating. And, 
finally, we have boldly attacked the great question of standardising 
the symbols used for mathematical expressions. This is a very great 
work indeed, which affects so many other branches of engineering 
science that we electrical people were somewhat bold to tackle it. 
But we have tackled it, and we have already made considerable 
advance, and I think it augurs well for the future that in the short 
time we have been at work we have made some substantial advance. 
I think it is something to be proud of, and for this we have much to 
thank the labours of the Committee of the British Institution of 
Electrical Engineers. To their labours, and to those of the French 
nation alongside us, the general international advance is greatly due, 


4 VOTE OF THANKS TO RETIRING PRESIDENT. [Nov. 10th, 


and I think probably that this is the reason why I was asked to 
speak this evening, for it is a matter which we English electrical 
men may justly be proud of. 

The President (Dr. G. Kapp) then presented the premiums and 
scholarships referred to in the Annual Report for the year 1909-10. 

The PRESIDENT: I now call on Mr. Ferranti to take my place 
and to read his Inaugural Address. Mr. Ferranti, I am sure, needs 
no introduction to you. 

The chair was then vacated by Dr. Kapp, and taken by the new 
President, Mr. S. Z. de Ferranti. | 

Colonel К. E. B. Crompton, С.В. : Itis with the keenest pleasure that 
I fulfil the duty of proposing a vote of thanks to the retiring President, 
as I probably have the longer electrical acquaintance with Dr. Kapp. 
Dr. Kapp came to me when he was not an electrical engineer, and you 
know what he has now become. During the long years that we 
worked together I had the fullest opportunity of seeing what lay in 
Dr. Kapp and what a brilliant future he was likely to have. We know 
how he has realised our expectations not only here, but also in Germany. 
I think that the Institution was to be congratulated in securing as our 
President a man who had one complete electrical training in this 
country and another complete electrical training in Germany, and who 
has then come back to us again. We must all feel proud that the 
attractions of our country brought Dr. Kapp back to us. Our Council 
knows how valuable and unremitting has been his work during his 
year of office. Those who have not filled the Presidential chair do not 
know the anxieties and the heavy work entailed on the President of 
the year; Mr. Ferranti has it yet before him. Dr. Kapp has in every 
way filled the chair to the satisfaction of every one who came in contact 
with him, and the Institution cannot fail to be benefited thereby. 
It is very difficult to say what one would like to say on a resolution of 
this kind, but I feel very strongly myself that we ought to congratulate 
ourselves on our retiring President having been such an ornament to 
our profession and such an ornament to this Institution of which 
he was the head. 

Мг. W. М. MoRbEYv : I need hardly say that it gives me the very 
keenest pleasure to second the proposal that has been put before you 
by Colonel Crompton. I felt great gratification when Dr. Kapp was 
selected as my successor. I felt that the Council had wisely honoured 
a man who by thirty years of strenuous work in electrical engineering, 
had done so much to advance the science and the industry in which 
we are all interested. It was my duty a year ago to welcome him as 
the coming President; I now heartily speed him as the parting 
President and wish him health and success, and, what I know he 
will value more than anything else, the strength and energy to con- 
tinue the useful work in which he has so long been engaged and which 
has earned him the honour that you conferred on him. ] have very 
great pleasure in seconding the proposal. 

The resolution was then put and carried by acclamation. 


1910.] VOTE OF THANKS TO RETIRING PRESIDENT. 5 


Dr. GisBERT КАРР: Mr. President, Colonel Crompton, Mr. Mordey, 
and Gentlemen,—I rise to thank you all most heartily for the very kind 
way in which you have passed this vote by acclamation. It was 
peculiarly gratifying to me that Colonel Crompton should have moved 
and my old friend Mr. Mordey should have seconded this vote. I 
remember very well when I first met Colonel Crompton and he offered 
to give me employment at his works in Chelmsford. I was delighted 
at the idea, but had some misgivings as I had no practical experience 
in this particular branch of engineering. I told this to Colonel Cromp- 
ton, and his answer was, “ Never mind, come along, I will teach you," 
and he did so. Then Mr. Mordey and many of the gentlemen here 
have taught me ; in fact, we all teach each other and help each other, 
and that is, I believe, the explanation of the feeling of good-fellowship 
amongst us. 

The PRESIDENT then delivered the following Presidential 
Address :— _ 
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INAUGURAL ADDRESS. 
By S. Z. DE FERRANTI, President. 
I propose to address you on the following subjects :— 


COAL CONSERVATION, 
Номе Grown Еоор, and 
THE BETTER UriLisATION OF OUR LABOUR. 


I believe that these problems are closely connected and are all 
capable in a great measure of being solved by means of an electrical 
trcatment. 

There are few subjects more important to the people of this country 
than the question of the rapid and ever-growing rate at which we are 
using up our coal supplies. Many writers have dealt with this subject, 
and have suggested various remedies. 

It may be said that thc rate at which we can use coal is a measure 
of our industrial activity and prosperity. This would be true, perhaps, 
if we were using our coal without waste, or at least with reasonable 
economy, but it is certainly not true of what we are at present doing. 

Taking all the uses for coal into consideration, I believe that we are 
getting back an amount represented by useful work of one kind or 
another of much less than ro per cent. of the energy in the coal. 
We can never, of course, hope to get anything like the full value of 
the energy in the coal, but, on the other hand, throwing away more 
than 9o per cent. of the value of our coal in the process of conversion 
is of the greatest possible concern to the country. Moreover, there is a 
further waste involved in our present methods of using coal which is 
only second in importance to the one I have spoken of. 

We now dissipate nearly the whole of the valuable by-products 
contained in the coal, consisting principally of fixed nitrogen. 

Besides the question of the waste of our coal by misuse, there is 
another cause working at an ever-increasing rate towards the exhaus- 
tion of our supplies. I refer to the immense exportation of our coal to 
other countries. 

I will now turn to the question of our food supplies, and without 
going into details, which are available for every one to read and study, 
I would remind you that we now import the greater portion of our food 
because we believe it pays us better to do so. 
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This state of affairs is brought about bya number of complex cir- 
cumstances, but is, in a measure, due to the necessary uncertainty of 
prices in our market under our present system, the comparatively small 
acreage that we have available, and to getting an insufficient return 
from the land that we have under cultivation. 

Our only chance, however, of supplying our food requirements lies 
in a successful system of intensive cultivation throughout the country. 
This, in its turn, depends upon many things, but primarily it can be 
stated that it involves spending money in order to get the greater 
return required, and our farmers are naturally averse to spending 
money when the return to be obtained is so problematical. It is also 
attributable to the fact of intensive cultivation requiring a liberal 
supply of chemical fertiliser for the land, principally in the form of 
fixed nitrogen. This commodity, on account of the wasteful system 
of using our coal, is, I believe, at too high a price to make intensive 
cultivation attractive to the farmer. 

There is a further difficulty still standing in the way, viz., the 
want of knowledge on the subject of intensive cultivation, but I am 
sure that once a sufficiently general interest was felt in the country, 
and a sufficient prospect of reward to workers on this .subject 
assured, that knowledge would grow at a rapid rate and soon 
bring about an efficient system of using our land to the best 
advantage. 

The third subject that I have mentioned to you is that of our 
wasted labour. It may be said that all labour is useful insomuch as, if 
it were not required it would not be used. On the other hand, we 
may consider the theoretical case of all labour being wasted insomuch 
as it is possible to conceive of a vast automatic machine which, with the 
direction of a single person, would fill all our possible requirements 
and would include in its many functions a capacity for keeping itself in 
repair, and extending its operations to all new wants that it had to fill. 
There is, however, as in most things, the middle course for which we 
should aim, and that is, the supply of all our reasonable wants with the 
least possible amount of labour. 

Looking at the question more in detail, we can first consider the 
labour spent in and about raising and distributing the coal which we 
now use, and which we would save under more economical conditions. 
Then there is the vast army of workers who are employed in cleaning 
up the dirt that is produced by our present methods of using coal. If 
we consider what goes on in every household we shall see how large a 
proportion of the domestic labour is devoted to this. There are also 
all the people who are now employed in the process of burning 
coal for all the various uses to which it is put and who represent an 
enormous amount of labour which, under a more efficient system, 
could be turned to better account in the interests of the country. 

It must be evident that the more efficient running of the country 
as a whole, the more rapidly must it add to its wealth and diminish the 
amount of labour which individuals have to expend in order to live at a 
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given standard. This efficient working of the country to a large 
extent depends upon the proper use of its natural resources in the 
form of material and labour, and the saving of all waste in both of 
these which can possibly be brought about. 

Considering the question of coal saving, by-product recovery, and 
labour saving, it is evident that the only way of obtaining material 
improvement under these heads is to concentrate the process of trans- 
formation of the coal and to carry out this process at the smallest 
reasonable number of centres. 

It is in the process of transformation of coal into work in the T 
of heat and power that the great loss occurs, as this is always a most 
difficult process and requires the highest scientific and practical skill to 
carry out with even very moderate economy. 

It has been proposed, with a view to accomplishing the above ends, 
to treat the coal at central stations and turn it into gas and distribute 
the energy in this form, but this process only goes a small way towards 
a solution of the problem, as under it, combustion—which is such a 
difficult problem—would be taking place at numerous points over the 
whole country, all tending to inefficiency, and the conversion of the 
gas into. power is by no means easy, involving running machinery of 
the reciprocating class, requiring special and skilled attendance. 

It appears that with a problem such as we are discussing it is 
fundamental that the energy in the coal should be converted at as few 
centres as possible into a form in which it is most gencrally applicable 
to all purposes without exception, and in which it is most easily applied 
to all our wants, and is, at the same time, in a form in which it is most 
difhcult to waste or use improperly. 

We are therefore forced to the conclu-ion that the only complete 
and final solution of the question is to be obtained by the conversion of 
the whole of the coal which we use for heat and power into electricitv, 
and the recovery of its by-products at a comparatively small number 
of great electricity producing stations. All our wants in the way of 
light, power, heat, and chemical action would then be met by a supply 
of electricity distributed all over the country. 

It must, however, be remembered that the distribution of energv 
in the form of electricity instead of coal can only be effectively carried 
out when it can be done in such a way that it is available for all the 
purposes for which coal is now used, and this can only be the case 
when the conversion is effected at such an efficiency as will cause the 
electric energy delivered to represent a high percentage of the energy 
in the coal. Failing this no scheme for conversion at the pits mouth 
and delivery of energy in the form of electricity is sound. There 
is also another controlling factor which must be satisfied in order to 
make this scheme possible. Both the conversion of the coal into elec- 
tricity and the distribution of the current must be effected at a low capital 
Cost so as not to overburden the undertaking with capital charges. 

Considering the various processes of conversion which are now 
available, or which may be invented, and their possible and probable 
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efficiency, we first come to electric generators driven by reciprocating 
steam engines. Their economy, expressed in the form of energy in the 
coal to electric energy, may be taken as a maximum of 1o to 12 per 
cent. This is, of course, far too low an efficiency to make any scheme 
such as I have already indicated possible, besides which the capital 
expenditure and the complication involved are far too great and the 
size of the units too small to be thought of for the purpose in view. 

We next come to large steam turbines such as have been con- 
structed up to the present, and see that their maximum efficiency may 
be put down at about 17 to 18 per cent. 

Next in the list, in order of economy, comes the big gas engine fed 
from gas producers, with an efficiency of coal energy to clectric energy 
of possibly 25 per cent. | 

In the future we have to look towards two other means of 
conversion—the  gas-turbine-driven electric generator and the 
production of electricity in some more direct way from the coal, 
but these two means of conversion, although capable of giving the 
most efficient results, are so much in the distance, that they are quite 
beyond our present consideration. 

After very careful thought on the subject I have come to the 
conclusion that, in order to supply electricity for all purposes it would 
be necessary, amongst other things, to have a conversion efficiency 
of not less than 25 per cent. 

For the purpose of looking into this question I have taken the 
figures of production and consumption given in the Report of the 
Royal Commission on Coal, which clearly summarises the position as 
it stood a few years ago, and as the increase taking place is fairly 
regular thesc figures have been taken throughout. According to 
this report 167 million tons of coal were being used in the country 
in 1903. Of this amount 2 million tons went to coasting steamers 
and 15 million tons were used by the gas companies. In order to 
simplify matters, and make the figures clear, I have left out of 
consideration the coal used on these two items, and taken the balance 
—viz., 150 million tons—as the annual coal consumption of the 
country. If now, instead of using this coal for doing work as at 
present, we were to convert it into electricity, we should use, instead 
of 150 million tons, 60 million tons of coal a year. This coal, turned 
into electricity, would produce 131,400 million Board of Trade units, 
and the electricity so produced would, after allowing for losses of 
transmission and conversion into work of different kinds, be sufficient 
to supply the whole of our requirements now being satisfied by 
the use of the 150 million tons of coal which we now burn. To form 
an idea of the magnitude of the proposal it is well to compare it with 
electrical supply as we know it to-day. 

At present of all the coal we burn in the country only 1 per cent. is 
used by the public electric supply works of which returns are published, 
and it is therefore evident that electricity bas up till now hardly com. 
menced to displace direct-used coal, 
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In the conversion of coal into electricity one of the most important 
considerations is the load factor at which the converting and distri- 
buting plant effects the operation. 

Electricity used for lighting, cooking, power, and traction must be 
supplied as and when required. On the other hand, domestic heating 
will be done largely through the medium of heat storage, and is there- 
fore a controllable form of demand. Metallurgical and chemical pro- 
cesses, which depend for their success upon a very cheap supply of 
current, will have to be so adapted and modified that they can take 
current intermittently and so fill up the load curve, thus enabling the 
current which they require to be produced with the least capital 
expenditure and at the same time greatly assisting the good con- 
version efficiency of the whole supply. I believe that under the 
circumstances a load factor of 60 per cent. would be obtained. At first 
sight it seems unreasonable to expect such a load factor, but it must 
be remembered that our ideas are based on the present electric supply, 
which only uses some 1 per cent. of the coal now consumed in the 
country. 

At present, as is quite natural, electricity is used for what coal does 
least satisfactorily direct, and it is misleading to compare the load 
factors so obtained with those which will be got when electricity 
replaces coal entirely. 

Considering now the means to be adopted for converting the coal 
into electricity, and the efficiency at which this can be done, we find 
that in gas-engine-driven alternators we have a system theoretically 
capable of returning 25 per cent. of the energy in the coal in the form 
of electricity, and from this point of view they would meet our 
requirements. 

The gas engine, however, as a converter of energy on the scale 
required suffers from the fact that the units are too small and the cost 
of the complcte installation is too high. These difficulties appear to 
defer the realisation of an all-electric scheme until electricity is 
generated by some gas turbine of the future, or direct from coal 
by chemical action. 

There is, however, an intermediate process of conversion which 
will, I believe, give the necessary efficiency without undue complica- 
tion or expense. The steam-gas turbine in which steam is used in the 
state of a gas at a high temperature throughout the process of conver- 
sion into work, gives theoretically a high efficiency at workable tem- 
peratures, and I believe will, in course of time, supply the necessary 
means of conversion for effectively turning our coal into electricity. 
I have therefore considered the case on these lines. 

In order to produce the supply of 131,400 million Board of Trade 
units at a бо per cent. load factor, machinery of the normal capacity of 
25 million kilowatts would have to be installed. 

For the purpose of estimation it may be considered that this 
capacity would be divided up into тоо stations of the capacity of a 
quarter of a million kilowatts. Each of these stations would contain 
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IO generators of 25,000-k.w. capacity. These stations would be spread 
about the country to supply thc demand in each part roughly pro- 
portional to the coal now consumed. 

The positions of the actual generating stations would be largely 
controlled by the facilities for obtaining coal and water for condensing. 
In manv cases they would be close to the colliery districts, and the 
current would be transmitted tc the points of demand. 

In other cases, where a considerable demand was concentrated at 
a distance from the sources of coal supply, and where the coal could 
be cheaply carried—especially by water—stations would be installed and 
would supply electricity to meet the surrounding demand. In all 
cases, however, whether far from, or near to the coal production, the 
coal would be delivered in very large quantities to only a few points of 
consumption, and would thus reduce the labour and cost of trans. 
mission and handling to the lowest figure. 

Many works taking a large quantity of electricity for metallurgical 
and chemical purposes at a very low price would be built adjoining 
the generating stations, and other existing works would Ье at such 
short distances that the capital costs for distribution of the electricity 
which they used would be very small. 

Estimating on the basis of the typical generating station considered 
and multiplying by the number of stations, I have put down the capital 
cost of generating works at £7 per kilowatt, which, for the total kilo- 
watts required, gives an expenditure of 175 millions sterling. "The cost 
involved in the distribution system on such a scale is difficult to estimate. 
The conditions of demand in relation to the position of the supply 
stations would, however, be favourable, as a great deal of the energy 
required would be transmitted only short distances, and units of demand 
would be large. Under the circumstances, I believe that £13 per kilo- 
watt would beamply sufficient, and a sum of 325 millions sterling would 
thus cover the cost of the distribution system. 

The total cost of the scheme, including all expenses up to the point 
of delivering the electric supply to the consumer, would thus be 500 
millions sterling. This, of course, is a very large figure, but, considered 
in relation to other industries and the results to be accomplished, cannot 
be considered excessive. 

It has been estimated that the capital now invested in this country in 
electrical undertakings amounts to some 400 millions sterling. Last 
year the Electric Supply Business had invested in it some 58 millions 
sterling. The proposed scheme would therefore absorb from eight to 
nine times the amount of capitital now invested in the portion of electric 
supply undertakings for which figures are available. The units 
generated upon the all-electric method of working would, however, be 
some ISo times as great as those generated by the above undertakings, 
and the cost of production and sale price of current would, of course, be 
very much lower than at present. 

The cost of producing the electricity required under the scheme may 
now be considered. Capital costs taken at 84 per cent. upon the money 
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invested, form by far the most serious item, and amount to 0°0776d. рег 
unit, or a total of £42,500,000 per annum. The works costs would, I 
believe, not exceed 0°036d., bringing up the total costs, including interest 
and all other charges, to o'1145d. per unit, or 62 millions sterling per 
annum. 

In arriving at the above figures for the costs of generation 60 million 
tons has been taken as the annual coal consumption, and this has been 
charged at an average price of тоз. per ton, thus amounting to 30 
millions sterling. On the other hand, it has been assumed that with 
improved processes of conversion, r ton of coal will yield fixed 
nitrogen equivalent to 1 cwt. of sulphate of ammonia. The present 
price of this commodity is well over £12 a ton, but considering 
the large scale of production and the necessity of supplying it at a low 
price to make its use general for agricultural purposes, I have reckoned 
the fixed nitrogen as of a value of only £8 per ton of sulphate of 
ammonia or, on the 3 million tons to be produced, of 24 million pounds 
sterling. This reduces the cost of the coal to 6 millions sterling, which 
largely accounts for the low works costs. 

The cost of chemicals required to make the fixed nitrogen available 
together with the necessary labour involved in the process, would be 
met by the sale of the other coal by-products— principally consisting 
of tar and oils. 

It is, of course, well known that firing by means of gas compares 
unfavourably with using the coal direct. It is also generally found 
thata good return of fixed nitrogen in the form of ammonia is only 
obtained from the coal at a sacrifice of thermal efficiency, and also 
involves a much smaller yield of the other bv-products which can 
be extracted from the coal, but now that the importance of these 
matters is realised a great deal of work is being done to improve the 
processes, and eventually it will undoubtedly be possible to obtain the 
high return that I have spoken of without sacrifice in other directions. 

Following upon the costs of electric generation already discussed, I 
have assumed, for the purpose of comparison, that the average price 
at which current would be supplied throughout the country would be 
4d. per Board of Trade unit. The charges would not be uniform, but 
would be graded according to the position and nature of the load 
supplied. 

It is interesting for а moment to consider the effect of such a 
supply of electricity upon its present and future uses. 

Taking lighting to begin with, which was the first application for 
which a supply of electricity was generally given, it will be clear, con- 
sidering the strong position which electric lighting now holds even 
with current at an average price of 2d. per Board of Trade unit, that 
when it is obtained from current at the much lower prices that would 
rule under the all-electric scheme no other form of light would have a 
chance in competing with it. | 

Notwithstanding present high prices, a good deal of clectric cook- 
ing and heating is already being done, and although it would appear 
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to be too expensive for general application, still the very good results 
obtained and the large amount of labour saved is already sufficient to 
justify its use to-day. 

When electric heating and cooking are carried on with current at 
the very low figures at which it would be possible to sell for these 
purposes, it would only be a matter of time for all heating and cooking 
to be done by means of electricity. 

Regarding the supply of power, electricity is now admittedly the 
most convenient form of power for all purposes, and this, again, not- 
withstanding the costs involved on the comparatively small scale on 
which we now produce. The overwhelming advantages of electric 
power at a price at which it would be supplied on the all-electric 
scheme would clearly ensure its use for all power purposes. 

The case with regard to electric tramways and light railways is 
well known, and any reduction in the costs of running due to cheaper 
current would, of course, act greatly in favour of these undertakings, 
and would help to extend their usefulness. Light railways, which, for 
various causes, have made such poor progress, if sensibly dealt with, 
would greatly benefit by finding a cheap supply of energy available in 
all parts of the country. 

The electrification of main-line railways has not yet progressed 
very far, as it is hard to make out a sufficiently strong case to warrant 
the large expenditure necessary for electrification ; but there is little 
doubt that growing traffic, which necessitates additional works, will be 
best met by electrification, which will enable a greater return to be 
obtained from existing lines and works. The electrification of our 
railways would be greatly assisted and made a more profitable invest- 
ment if a supply of current at such a figure as we are now considering 
were available for their working. 

The manufacture of pig iron is, no doubt, quite the most economical 
use of coal that we now have, but recent work with electric smelting 
furnaces has shown that it is only necessary to have electric current at 
a low enough price and for sufficient experience to be obtained to 
make it more economical to smelt iron electrically than by present 
methods, and using only sufficient coke to provide the carbon for the 
purpose of reduction. 

It may be taken, from the experiments already made, that when 
worked on a sufficient scale a quarter of a ton of coke would be 
required per ton of iron produced, and that 4 tons of iron would be 
obtained per kilowatt-year. This would mean that about 0°42 ton of 
coal would have to be converted into coke and used per ton of iron, 
together with about 2,200 Board of Trade units, which, at yd., would 
come to 15s. 3d. per ton of iron. As the electric furnaces would no 
doubt closely adjoin the generating station the price named for current 
would be a very good one. We should thus have a cost for coke and 
electricity of about 19s. 6d. per ton of iron produced. 

According to the recent Report of the Royal Commission on Coal, 
pig iron, on the average, now requires about 2 tons of coal per ton of 
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iron produced, and taking this at the same price as coal has been taken 
for the purpose of electric generation, viz, ros, this would give 
20s. as the cost of fuel per ton of iron produced. It is, however, 
probable that the production of pig iron electrically with current 
supplied to the works would involve less plant and a less upkeep of 
plant than at present : also a good deal less labour would be required. 
Improvements in the process brought about as the result of experience 
would, no doubt, further reduce the costs, and would result, in all 
probability, in a better article at a lower price. 

We at present produce about 10 million tons of pig iron. This 
would therefore require 24 million kilowatts of plant run continuously 
and producing 22,000 million Board of Trade units annually. In order 
to get current for this purpose at the lowest price, it would in all 
probability be found desirable to insulate the furnaces to avoid heat 
loss, and for the same reason to have individual furnaces of a very 
large capacity. It would then be possible to work intermittently and 
yet with economy, and so use the current taken by the furnaces to fill 
up the load curve, thus adding to the economy of conversion and 
reducing the capital expenditure involved in electric plant. 

Steel-making electrically is already in extensive use, and even with 
present facilities for generating the current which the process requires 
is beginning to make considerable headway. All steel would, of course, 
be produced electrically as soon as sufficient experience had been 
gained regarding details and a supply of very cheap current was 
available. 

Foundry work in both iron and steel would be most conveniently 
carried out by means of electric melting. It is already known that the 
clectric furnace gives the best results obtainable for steel castings. 

The heating of steel for rolling, forging, and annealing will be most 
efficiently carried out electrically as soon as the cheap supply warrants 
experimenting in this direction. In fact, all furnace work for which 
coal or gas are now used could, I am convinced, be more satisfactorily 
doue electrically when an abundant and cheap supply is available. 

We now use aluminium for a number of purposes, notwithstanding 
our want of knowledge as to the best ways of working it. When our 
experience with aluminium in any way approaches what we now know 
about the working of steel, it is certain that vast quantities of this 
material will be used throughout the world. The manufacture of 
aluminium is another of the processes which will be greatly facilitated 
by а cheap supply of electricity. In fact, it may be said that aluminium 
can only be produced economically at present in water-power countries, 
but as an intermittent supply of electricity could be given under the 
proposed scheme at a lower price than it is being obtained from water 
powers, we should be in a better position than the water-power 
countries to manufacture this metal. 

With cheap electricity available, electro-chemical processes must 
grow and multiply to an enormous extent, and not only should we 
produce for ourselves all the chemicals which are now produced elec- 
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trically abroad, but everything that can be produced electro-chemically 
would then be made in this country. 

There is a further application of the electric current which, so soon 
as the price was low enough, would, no doubt, largely come into use. 
This is the intensive growing of fruit and vegetables under glass. It 
is known that considerably more forcing in the way of heat can be 
advantageously applied where light is also furnished artificially, and 
it is therefore probable that, with electricity everywhere available at a 
low price, an immense amount of intensive cultivation under glass with 
the heat supplied by means of the electric arc would be undertaken, as 
in supplying heat by this means light would also be supplied, which 
would have the effect of enabling the growth to benefit fully by the 
artificial heat. 

Summarising the whole position, it may safely be said that, wherever 
coal, gas, or power are now used, everything for which they are used 
will be better done when electricity is the medium of application. 

Hardly less in importance in the all-electric scheme is the question 
of the by-products which become available by the proper use of our 
coal. These consist principally of fixed nitrogen, together with tar and 
oils. 

Fixed nitrogen in the forms of sulphate of ammonia, nitrate of soda, 
and nitrate of lime are most valuable fertilisers, and enable land con- 
tinually to produce the same crops with a greatly increased yield per 
acre. Much has been done in finding out how best to utilise these 
artificial fertilisers, but no doubt a great deal more will be done in this 
direction, and fertilisers will be preparcd, with fixed nitrogen as their 
principal constituent, which best suit the particular soils and crops that 
it is desired to deal with. 

According to last year's Board of Trade returns we now grow 
about 23 per cent. of the total wheat that we use and import 77 per 
cent. Of the barley used we grow 59 per cent. and import 41 per cent., 
and of the oats used 78 per cent. is home grown and 22 per cent. im- 
ported. Last year we devoted 7$ million acres to the cultivation of 
these crops. И 

Much is being done to improve the yield of corn crops, and it is 
probable that with scientific treatment in the production of the seed, 
in the sterilisation of the ground, and in the application of fertiliser, we 
may look at no distant date to an increased yield of 50 per cent. in 
these crops upon what is now being produced per acre. The most 
vital feature, however, in bringing this about, once we have acquired 
sufficient knowledge, is an ample supply of fixed nitrogen to use as 
fertiliser, and it is when considered from this point of view that a 
scheme which supplies this from our coal as the result of saving 
present waste is most important. 

With the increased yields which we have mentioned we could 
produce corn crops sufficient to supply the whole of our requirements 
upon rr million acres. This would represent 234 per cent. of our 
present cultivated area, and would only be an addition of 34 million 


16 .. FERRANTI: INAUGURAL ADDRESS. [ Nov. 10th, 


acres to the land now used for the purpose of growing these same 
crops. The value of these additional crops would be about 58 millions 
sterling, based upon tbe prices which we paid last year, and to this 
would have to be added the value of the straw and the other wheat 
by-products, which would go a long way towards providing the food 
for growing the additional meat which we require to supply our 
demand at home. 

In order to fertilise the land, we should have available, under the 
all-electric scheme, 3 million tons, or its nitrogen equivalent, of sulphate 
of ammonia. This, if used over the whole of the 461 million acres now 
under cultivation, would give 143 lbs. per acre, but, of course, the 
fertiliser would be distributed according to the nature of the land and 
the crops being grown. It is probable that under these circumstances 
the increased yield of the land now cultivated would not only give us 
all the grain that we should require for food, but also all the foodstuffs, 
partly as by-product from the grain and partly grown, that would be 
required for raising the cattle, sheep, and other animals necessary to 
supply the whole of our wants. 

It is now beginning to be understood that intensive farming of the 
larid also involves intensive cattle raising, and that it is very advan- 
tageous greatly to reduce the amount of grass land and instead to grow 
crops intensively cultivated, as in this way a given amount of land can 
be made to produce a much larger yield. 

Sulphate of ammonia is a particularly good fertiliser for the purpose 
of growing sugar beet, and here again it is probable that the avail- 
ability of large quantities of this fertiliser at a very much lower price 
than at present prevails would enable us to produce the whole of our 
sugar at home, especially as the by-product obtained in the form of 
crushings from the beet is a very valuable food for cattle raising, and 
also as the crop is a very suitable one for growing alternately with 
wheat. 

If it was found that a larger amount of fertiliser than the 3 
million tons of sulphate of ammonia, which would be the principal by- 
product from the 60 million tons of coal turned into electricity, could be 
advantageously used, this would be very economically produced from 
the electrical station by the oxidation of atmospheric nitrogen, giving 
a valuable fertiliser in the form of nitrate of lime. This could be made 
intermittently by means of current filling up the load curve and would 
not necessitate the expenditure of any more money on plant for 
generation or transmission of the current. It would, however, require 
the burning of additional coal, and this in itself would add to the 
sulphate of ammonia available. 

The output of the 25 million killowatts of plant installed has been 
reckoned upon a бо per cent. load factor, but it is quite possible that the 
load curve could be still further filled up by an additional 20 per cent. 
for any purposes such as those just stated. In this way it would be 
possible to burn an additional 20 million tons of coal annually, pro- 
ducing a million tons of sulphate of ammonia and other by-products, 
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and 43,800 million additional units, which could be sold at a consider- 
able profit at syd. per unit, as the cost would not exceed 4d. 
per unit. 

A certain proportion of this extra supply of current could be used to 
fix nitrogen in addition to that obtained direct from the coal, should this 
latter supply be insufficient for the country’s wants, and the balance of 
the current used for electro-chemical or other requirements which 
could take power intermittently. 

In this connection it must be remembered that an intermittent 
or controlled make-up load may be intermittent to the extent of 
80 or go per cent. of the load, a certain amount of current being 
always kept on to make up for heat losses in furnaces or to prevent 
reversal in electro-chemical work. 

If the whole of the additional output could be taken up the effect of 
the increase of revenue, together with the difference on the original 
figures of selling the first бо per cent. at an average of jd. instead of at 
the lower figure of o'1145 of a penny already mentioned, would enable 
IO] per cent. to be allowed on the capital instead of 84 per cent. 
already provided for. 

It is assumed by many people that the climate of this country 
is largely unsuitable for the purpose of growing food, and for this 
reason it is thought that we can never grow the food which we require. 
This is largely a misconception, as crops both large in quantity and of 
good quality can be produced in this country. Nevertheless, it would 
be a desirable thing if, instead of the dark weather that we now often 
experience owing to cloud obstruction, we could have continuous 
sunshine at certain times of the year. The amount of sunshine would, 
no doubt, be largely increased by the abolition of all smoke in the air, 
as not only does the smoke itself obscure the sun but also it seems to 
have the effect of assisting the formation of cloud, which greatly 
diminishes the light and heat which we receive. 

At present it is considered quite right and reasonable to canalise 
rivers and make great works for adding to the fertility of countries 
by means of irrigation, but I believe that in the future the time will 
come when it will be thought no more wonderful largely to control our 
weather than it is now thought wonderful to control the water after 
it has fallen on the land. I think that it will be possible to acquire 
knowledge which will enable us largely to control by electrical means 
the sunshine which reaches us, and, in a climate which usually has 
ample moisture in the atmosphere, to produce rainfall when and where 
we require it. 

It seems to me that it may be possible, when we know a great deal 
more about electricity than we do to-day, to set up an electrical defence 
along our coasts by which we could cause the moisture in the clouds 
to fall in the form of rain, and so prevent these clouds drifting over the 
country between ourselves and the sun which they now blot out. It 
also seems to me that it wifl be possible, when more water on the 
country is required, to cause the falling of rain from the clouds passing 
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over the highest part of the country and so produce an abundance 
of water which, properly used, would greatly add to the fertility of the 
country. 

Of course, it may seem that these are only mad visions of the future, 
but I think we can hardly consider these results more improbable than 
any one would have considered wireless telegraphy or flight in heavier 
than air machines fifty years ago. My excuse for mentioning these 
matters here is that they might constitute another great use of elec- 
tricity, and their useful consummation would certainly be facilitated 
by an abundant supply of electrical energy. 

There would be further by-products from the coal in the form of 
tar and light oils. The effect of their abundant production and sale at 
a low price would be most important to the country, as the large 
quantity of tar produced would enable us to make good roads, which 
we much need, and which would have the lowest cost of upkeep, 
and the light oils would, when carburettors have been further de- 
veloped, go a long way towards supplying the fuel for our motor- 
cars and other motor vehicles which we now have to import from 
abroad. 

As there must be an enormous development in the way of motor 
traction these two by-products become most important. The neces- 
sity for labour-saving appliances used in agriculture must greatly add 
to the number of motors which cannot, according to present know- 
ledge, be replaced by electricity, and these, no doubt, would be made 
to burn the heavier oils which would be produced as part of the coal 
by-products. 

Considering the general effect of the all-electric scheme, in which, . 
with but small exception, the whole of the coal used is turned into 
electricity, the first important effect would be the saving of some 80 to 
9o million tons of coal a year. As we should produce the whole of our 
food requirements, we should not have to export our capital in the form 
of coal to help pay our food bill. In this way, by making these two 
savings, we could prolong the useful life of our coal measures two and 
a half times, and still have 20 million tons of coal a year available for 
the use of our steamships over and above the coal required in the 
country. 

The saving of labour now employed in raising the vast amount of 
coal which we now waste or send abroad, and also the labour employed 
in transporting this coal and using it for all the various purposes for 
which it is now required, together with the labour employed in clean- 
ing up and getting rid of the effects of burning coal according to our 
present methods, would all be available for additional manufacturing of 
the articles now imported and for use on the land. 

The saving of so much wasted labour and material would greatly 
add to the prosperity of the country and so enable us to support a 
larger population living under more healthy and comfortable con- 
ditions than at present. ` 

Cheap electricity would greatly stimulate all manufacturing opera- 
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tions, which would, in turn, enable labour to be much better remune- 
rated than at present, and to enjoy a much higher standard of comfort. 
The higher value of labour would in its turn stimulate inventiveness 
and the production of all sorts of labour-saving appliances which, with 
cheap electricity, would enable us to produce in the future under suit- 
able market conditions at cheaper rates than are now possible, not- 
withstanding the better return that labour would obtain. 

Great hardships are always produced where any great industrial 
change is made, but the more efficiently we can carry on the work of 
the country the more margin must there bc for the great: majority of 
the people : so that any change which decreases the amount of labour 
required must eventually give the people greater comfort and less 
arduous work. It is hardly necessaryto point out how much better the 
position of the country would be if we were producing the whole, or 
nearly the whole, of our requirements, as in this case we should be far 
less liable to be adversely affected by any external causes or by the 
occurrence of any great war. 

At present, although the using of our coal may mean commercial 
activity it certainly means the desolation of the country in parts where 
it is largely used. Instead of this harm being done to the country by 
our coal, we should fertilise the lands by its means and might even, as I 
have indicated, use it in the future to increase our sunshine. 

Of course there are many things which at present stand in the way 
of realising such a scheme as I have outlined. "There are many 
technical details which nothing but an immense amount of work can 
solve satisfactorily. There are also political and legislative difficulties 
standing in the way, but these, when the time arrived, would have to 
be got rid of rather than allow them to handicap the advance of the 
country. The more, however, that I have considered these ideas in 
detail, the more certain am I of the fundamental soundness underlying 
them and that it is only a matter of time before such a scheme is 
carried out in its entirety. 

What interests us most, perhaps, is the question of how long it is 
likely to be before the all-electric idea becomes possible. At present 
there is so much required to be donc to make it workable in all its 
details that it seems as though its realisation would be long deferred. 
It must, however, be remembered that knowledge is continually being 
acquired which brings us nearer to its realisation, and that things 
engineering, and especially in electrical engineering, now move very 
rapidly. It may therefore come to pass that the all-electric idea, with 
its far-reaching changes and great benefits, will become an accomplished 
fact in the near future. 


Mr. R. К. Gray: Ladies and Gentlemen, —It is my pleasure to lay 
before you the following resolution : * That the best thanks of the 
Institution be accorded to Mr. S. Z. de Ferranti for his interesting and 
instructive Presidential Address, and that, with his permission, the 
Address be printed in the Fournal of the Proceedings of the Institution.” 


Mr. Gray. 


Mr. Gray. 


Dr. 
Glazebrook. 


The 
President. 


20 FERRANTI: INAUGURAL ADDRESS. [ Nov. 10th, 


I am sure we have all listened to our President's Address with a great 
deal of interest. The occupancy of the chair on such an occasion 
as the present, carries with ita great advantage in that one can speak 
quite freely and without fear of contradiction, and this freedom 
enables the speaker to irritate the minds of his hearers in such a way 
that some real progress is likely to result. Our President has taken full 
advantage of this immunity, and has given us all a great deal to think 
about. Iam sure I am expressing the feeling of the meeting in thanking 
Mr. Ferranti for the pains he must have taken in the preparation of 
his valuable address, and for the food for reflection he has laid before 
us. We all sincerely hope that he may live long enough to see 
realised some of the advantages that may come from our action pro- 
voked by the address we have just heard. 

When I have been abroad I have met people who have asked me, 
“Ts Mr. Ferranti still alive.” In spite of our President's actual years 
and his appearance we cannot wonder at people asking this question 
as so many years have elapsed since his name came first into public 
view. 

Should any doubters exist their doubts will be dispelled when our 
President'S Address reaches them, as it distinctly shows that Mr. 
Ferranti is very much alive. 

Dr. К. T. GLAZEBROOK : Ladies and Gentlemen,—I rise with great 
pleasure to second the motion that Mr. Gray has put before you. 
Before we heard the President's Address we were all ready to give him 
a warm welcome. We were ready to welcome him as a pioneer whose 
work has done so much for electrical engineering through those many 
years in which he has been actively engaged in it. We knew that from 
him we should have a brilliant and original address, and we have learnt 
to-night, I think, something of the value of the imagination in science. 
It is good to give rein from time to time to the imagination cven in 
our daily prosaic work. Mr. Ferranti has been a prophet in years 
before, a prophet speaking sometimes, it may be, to deaf ears. Itisa 
pleasure and a privilege to the Institution to honour their prophet in 
their country. All of us cannot hope to live to those happy days when 
electricity will be sold at the rate of àd. per unit, but those of us who 
do, and those among our children who are alive when those days come, 
will look back to this evening as an historic occasion ; and those of us 
who are still alive will be glad that we have taken, at any rate, some 
part in it by listening to the address. 

I have now great pleasure in putting to youthe resolution moved by 
Mr. Gray : “ That the best thanks of the Institution be accorded to Mr. 
S. Z. de Ferranti for his interesting and instructive Presidential 
Address, and that, with his permission, the Address be printed in the 
journal of the Proceedings of the Institution." 

The resolution was then put and carried by acclamation. 

The PRESIDENT: Mr. Gray, Dr. Glazebrook, Ladies and Gentlemen, 
—1 am most deeply grateful for the very kind way in which you have 
proposed this vote of thanks, and for what I feel are the very happy 
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remarks that you have made. Mr. Gray has said that I may so have 
irritated the minds of the listeners that good would come out of what 
has been said. I hope indeed that I have very much irritated every- 
body in this way. I knew that I was taking a most contentious 
subject ; I wished to irritate ; I wished to stir ир; I wished to electrify 
the industry, and the country too if I could, to do better things than at 
present, and to push forward on a policy of development which would 
lead to great benefits in the future. Especially I wished that our Insti- 
tution of Electrical Engineers might help to lead the way in progress 
and advancement, so that we might be worthy successors of thc very 
great men in electricity who have gone before us. 

I have to thank you most heartily for having elected me as your 
President for this year, and I can only assure you that it will be nothing 
but the greatest pleasure to do what I can for theInstitution. 

The meeting adjourned at 9.30 p.m. 


The 
President. 


99 ° | ELECTIONS. [ Nov. 24th, 


Proceedings of the Five Hundred and Eleventh 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 
November 24, 1910—Mr. S. Z. DE FERRANTI, 
President, in the chair. 


The minutes of the Ordinary General Meeting, held on November 
IO, I9IO, were taken as read, and confirmed. 


Messrs, C.W. Smith and J. О. Girdlestone were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— - 


ELECTIONS. 
As Members. 
William Beverley Boyd. | Donald Murray. 
Robert Patrick Sloan. 


As Associate Members. 


Charles William Appleby. Thomas Ellis. 

Gilbert Archer. Arthur Leonard Johnson. 
Arthur Thomas Arnall. Douglas Kerridge. 

Harold Eustace Blake. Alan Kirk. 

William Henry Bradbury. Herbert Ross McClymont. 
John Brownell. Walter Edward A. Morby. 
Percy Harold Buzza. William Napier. 

William Alexander Christianson. George Paton. 

Charles Henry Farley Fox. Thomas Edward Robertson. 
George Pollard Dennis. Mostyn Rosenbaum. 
Leonard Charles Desbruslais. James Н. Ryder. 

Norman Donkersley. James Vincent Stanton. 


Richard Netterville Eaton. | William Joseph Wayte. 
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As Students. 


Horace Algar. 

Arthur Arnold. 

Henry Arthur Browett. 
Brian Andrew G. Churcher. 
Banarsi Das Jain. 
Donald Nisbet Jenkins. 
Edward Alfred Martin. 
Harold Neville Munro. 
John Stagno Navarra. 
Hapet Papazian. 
William Parry. 


Lyndall Crossthwaite Pocock. 
José Tyuca Radcliffe. 

James Francis Riley. 

Bernard Augustus Robinson. 
John Periam Rowell. 

Henry Edward Sanders. 
Brijo Krishna Sibou. 

Haworth Walter Trefusis. 
Dhanjishaw Hormusji Umrigar 
Harold Kenneth Whitehorn. 
William Edward Woodward. 


Esdaile Wyatt. 


The following paper was read and discussed : “ Street Lighting by 
Modern Electric Lamps" by Haydn T. Harrison, Member (see 


page 24). 


The meeting adjourned at 9.50 p.m. 
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STREET LIGHTING BY MODERN ELECTRIC 
LAMPS. 


By HAYDN T. HARRISON, Member. 


(Paper first received Fanuary 25, 1910, and received in final form November 1, 
1910. Read before the Institution November 24, 1910; before the MAN- 
CHESTER LOCAL SECTION November 22, 1910 ; and before the BIRMINGHAM 
LocaL SECTION December 14, 1910.) 


In the very early days of electric lighting the streets which, owing 
to their importance, required increased illumination, were changed 
from gas to high candle-power lamps, such as arc lamps; but, 
unfortunately for clectrical engineers, these streets were few 
in number compared to the thousands of miles of less important 
streets and roads which were and are lighted by incandescent gas 
lamps. Moreover, the high candle-power arc lamps which elec- 
trical engincers had at their disposal for competitive purposes gave 
their maximum candle-power at an angle requiring that thev should 
be placed at a considerable height, and at a short distance apart when 
required to obtain an even illumination, which resulted in a high 
cost per mile of lighting. The improvements connected with electric 
lamps which have taken place within the last two years have placed 
electrical engineers in a very different position, not only as regards 
large units of light, arc lamps being now available which give their 
maximum candle-power in the direction most suitable for street 
lighting, but also with small units of lights, incandescent lamps, 
such as tungsten lamps, being available, which give four times the 
candle-power of the carbon lamps for the same consumption of 
energy. It was the advent of these efficient small units of light 
that gave electrical engineers an opportunity of competing favourably 
with gas for side street lighting, as they can be installed without a 
heavy outlay in capital. And as most of the streets are sufficiently 
well illuminated by small light units a very large and valuable load 
results. 

At the commencement of this paper I wish to refer to a statement 
made by Dr. Louis Bell before the Illuminating Engineering Society 
of America, namely: “Street lighting has been а growth and an evolu- 
tion, but like all growths it has proceeded to a certain extent along the 
lines of least resistance; lamps were put, not in the best places for 
them, but where they could be put in with the least disturbance to 
individuals.” This I have found to be a correct statement of fact, and 
therefore the engineer of to-day who takes up the question of street 
lighting will often find that he is required to improve the illumination 
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of the streets, not by rooting up the existing standards and placing 
whatever sources of light he may have at his disposal in the position 
suitable for such sources, but by increasing or adjusting the candle- 
power at the existing points so as to give the best illuminating results 
at a cost not exceeding and more often less than the existing rate. 

In nearly every town and city of this country, gas, being the illu- 
minant available at the time when the streets were built, was naturally 
chosen for the purpose, and electrical engineers have found that in 
order to displace it they must be in a position to supply lamps of about 
the same candle-power either at an equal or a lower cost, as it is often 
not considered advisable to go to the expense of scrapping existing 
posts and lanterns. I propose, therefore, to lay before you the figures 
relating to the borough of St. Marylebone, where the incandescent gas 
lamps have lately been replaced by electric (tungsten) lamps. In this 
case the procedure was as follows : The Electricity Supply Department 
to the Council was advised by their consulting engineer to ascertain 
exactly the illumination given by the existing gas lamps, and an outside 
testing authority intimately connected with the gas industry was in- 
structed to test at random тоо street gas lamps in the district. The 
results showed an average for the single 4} cub. ft. gas mantles of 
50 c.p. and 76°6 for the double mantles. Mr. Arthur Wright having 
discussed the matter with me, I tested for my own satisfaction and found 
that with the single mantles I obtained an average of 45 c.p. and with 
the double 76 c.p. It was decided that the single lamps should be 
replaced by two 115-volt 35-watt Osram lamps in series, and the double 
lamps by two 55-watt lamps. It was then necessary to decide upon the 
best type of fittings to use, the consideration of which was governed by 
two important factors—namely, capital cost and effective appearance. 

The existing gas lamp-posts and lanterns being the property of the 
Council, and having been maintained in good condition, it was decided 
to retain them. The light from tungsten lamps having a profile curve 
favourable to street lighting it was only necessary to accentuate this by 
means of reflectors ; on the other hand, the use of something which would 
counteract the effect of high intrinsic brilliancy of the light source on 
the iris of the eyes had proved in my experience a very important 
point; therefore I submitted a reflector for this purpose which, after 
slight modification to suit local conditions, was duly approved. This 
reflector, which is in shape similar to an inverted wedge with suitably 
curved sides, attained both of the above objects, increasing the 
candle-power of the rays near the horizontal to nearly double that 
of the lamps only and to six times the vertical rays. It is unnecessary 
to describe the apparatus used as it must be well known to most 
of you who at some time or other have passed through the streets 
of Marylebone. I will therefore only enumerate the chief features, 
namely, a large surface of white reflector above the lamp filaments 
with no intervening lamp caps or holders thus attaining the objects 
mentioned above ; anti-vibration holders to protect the lamps from 
harm duc to street vibration, or jars when switching on or off ; suitable 
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watertight D.P. switches and fuses and sealing chambers of sufficiently 
small dimensions to go between the bottom of the lantern and the top of 
the post ; all of which were designed in such a way that they could be 
erected at slight cost. It was estimated that the capital cost of converting 
1,964 lanterns and connecting them to existing distributors would be 
£8,000, but owing to excellent systems adopted by the mains engineer 
of the Council and his assistants the work has actually been done for 
£5,788, or an average of less than £3 per post, and when it is borne 
in mind that this work was carried through in three months at an 
average of nearly 200 posts a week without in any way interfering with 
the continuity of supply to a single customer, great credit is due to the 
organisation of that department. 

The excellent results obtained have led to the Council deciding 
to convert the remaining 1,385 lanterns in this district, but owing to 
these not being adjacent to existing distributors, new ducts and mains 
were necessary. As these would, of course, eventually have to be 
laid for private lighting and power supply it is difficult to allot the right 
amount of capital charges to the public lighting, but even if the whole 
of this were allotted to public lighting based on a 25-year loan, and the 
cost of the electric fittings be repaid in 3 years, £1,640 would still be 
available for electric supply if the existing gas rate were still charged 
for lighting. This is equivalent to o'ọd. per unit for the first 3 years 
and r'17d. per unit thereafter. The 1,964 lamps when lighted by gas 
cost the Council for gas, lighting, extinguishing, cleaning, and main- 
tenance, £8,818 per annum. The gas contractors when asked for a 
revised tender reduced their price considerably, but were unable to 
compete with the tenders of the electricity department, which amounted 
to £7,350 per annum made up approximately as follows :— 


Per Post. 

£ & s. d 

A. Electrical energy at r'42d. per unit ... 3,950 2 о о 
B. Lighting, extinguishing, p paint- 

ing, etc. m .. 1,570 o 16 o 

C. Lamp renewals  ... bed 1,230 o I2 6 
D. Repayment of cost of electric fittings in in 

three years... Y7 25, .. — 600 o 6 6 

Total  ... ә» id ... 72,350 315 О 


It must be remembered that 1,964 street lanterns included in this 
charge contain lamps of various candle-power ; the number are approxi- 
mately as follows :— 


Measured Candle-power. 
At 20°. At 10°. 


335 two 8o-watt lamps ... -— Vis I35 220 


491 two 55- is кез 7 T 75 130 
1,138 two 35- " E ES us 55 100 
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In dividing them the proportionate cost of each would be approximately 
as follows when taking energy at 1°42d. per unit :— 


| 70 watt. | 110 watt. | 160 watt. 
i g nd s d | s. d. 
E | 28 6 | 45 0 (0,04 0 
| B | 16 o 16 о | 16 о 
| | | 

! C | 12 О ї2 О IS О 
| 

| D | 6 6 6 6 | 6 6 

2 = SSS = — — x NM E 
| Total 63 0 96 жб 
| 


(Each per annum.) 


In the above figures the price charged per unit is 42d. This figure 
was not arrived at with any idea of the cost to the electricity department, 
but in order to repay the cost of the services at an early date. It will 
be noted that if the charge per unit had been rd., which is more con- 
sistent with the costs of generating, the sum of £3,950 per annum would 
be reduced to £2,780, which allows £1,170 per annum for repayment 
of cost of services, etc., the cost of the repayment of the electric fittings 
being already allowed for ; this will easily wipe off the cost of the ser- 
vices in five years ; therefore, if a 10- or 15-year loan had been arranged 
the price per unit could have been reduced to та. per unit, which would 
work out as follows :— 


70 watt. | 110 watt. 170 watt. — 
s. | s. d $ d 
A. Electrical energy at 
Id. per unit | ж 38 o 56 6 
B, C, and D. As before 34 6 34 о | 37 6 
Total ... $i 25 58 6 72 0 94 О 


NOTE.—Charges B and C have since been reduced, thus an actual higher rate is 
being obtained for current. 


This brings up the important question of allotment of capital charges. 
It seems incomprehensible to me that capital charges connected with 
the services to street lamps should be dealt with differently to those 


28 HARRISON: STREET LIGHTING (Nov. 24th, 


necessitated by an ordinary consumer, and that the loan for them 
should ever be refused. As a consumer, a street lamp is very attractive, 
the load factor is good, no expensive meters or other apparatus are 
necessary, and it is not likely to have to be cut off owing to termination 
of tenancy or vagaries of that description. The street lamp acts as an 
advertisement to the electricity undertaking, and the local authority 
controls its own public lighting instead of being in the hands of its 
bitterest opponent. In the case of Marylebone, not only were all these 
advantages gained, but a large saving—namely, £1,500 a year—was made 


| Candle- Candle- | 


Candle- ; , 
Original power | Replaced by. p. bid 


———— А a M 


Single gas mantle | 45 2°35 watt Osram lamp 55 
| 
Double gasmantle 76 | 2:55 watt Osram lamp | 78 


. Double gas mantle | 76 | 2:80 watt Osram lamp | 135 


(These tests were carried out by the author under identically similar 
conditions.) 


in the lighting rate, the electricity undertaking benefited, and the illu- 
mination of the streets was improved. In the face of all this it would 
be interesting to know on what grounds the authorities who control the 
obtaining of loans by municipal undertakings base their antipathy to 
granting loans for street-lighting purposes. As mentioned above, the 
illumination of the streets of Marylebone has been improved by the 
conversion. The tests on the gas lamps mentioned previously are 
compared with tests on the electric lamps as shown above. 

In total candle-power, these figures are very striking, the— 


1,964 gas lamps gave a total of 109,000 c.p. 
1,964 electric lamps give a total of 146,000 c.p. at 20°, 193,883 at 10°. 


As regards the illumination, this was, of course, increased directly in 
proportion to the increase of candle-power as the position, height, etc., 
of the lamps remained the same. 

The number of posts to the mile varies with the importance of the 
thoroughfare or street, and also the width of the roadway. The above 
results take these two factors into consideration, and are calculated 
from actual candle-power measurements in the street. 

It is interesting to note from a previous paper by the author * that 
the figures given as an average minimum direct illumination taken 
from a large number of important towns came out as follows :— 


* Fournal of the Institution of Electrical Engineers, vol. 36, p. 188, 1903-6. 
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Average in 1905. Marylebone, 1909. 


| 
Main thoroughfares $3 ообо с. ft. | O'I5 
| 
Side streets... ш jud 0'025 ,, | 0'048 to 0'07 
Suburban streets ... aoe 0:005 ,, — 


In the important thoroughfares there аге an average of 76 posts to 
the mile, and in the less important streets 65 posts to the mife, so from 
the above it will be seen that at r'42d. per unit the cost per annum 
works out at :— 


; £ 
Main thoroughfares iss as .. 384 per mile. 
Side streets es yss sok we. 204 ә» 


Or if electrical energy be taken at 1d. per unit, the cost would be :— 


& 

Main thoroughfares T Js .. 356 per mile. 
Side streets aus ini ewe sw, 190. у 

Before leaving the subject of the Marylebone lighting, it is necessary 
to consider a third type of thoroughfare, namely, Oxford Street. With 
the exception of London and some of the more important towns, there 
are few places where it is necessary, or where the authorities could 
afford to illuminate any streets up to the degree attained in Oxford 
Street ; nevertheless, it is interesting to ascertain the cost of illumina- 
tion up to this standard where necessary, and also to what extent the 
present cost could be reduced by modern appliances. At the time 
Oxford Street was changed from gas to electric lamps the most efficient 
lamps available for the purpose was the converging carbon flame arc 
lamp. This lamp was therefore used, the globes being of the opalescent 
type recommended by the makers at that time. Two such lamps were 
erected on centre poles where favourable, which were at distances of 
nearly 200 ft., this resulted in a minimum horizontal illumination 
of o'11 c. ft.; thus it will be seen that the cost of this type of lamp works 
out at nearly £20 per annum. The results are roughly as follows :— 


Oxford Street, 


Minimum Horizontal Cost per Annum 
Illumination, per Mile. 
O'II eee eee eee ое £800 


Since that time the arc lamp makers have turned their attention to 
altering the distribution of light from flame lamps in order to make 
them more suitable for street lighting. 
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For instance, in the case of arc lighting it is difficult to arrange for 
the arc when erected on posts to be higher than 25 ft. from the ground, 
and the distance between them is rarely less than 150 ft., and is some- 
times as much as 300 ft., therefore the light rays which reach the point 
of minimum illumination are those which emanate at 1o? to 17? from 
the horizontal. Some tests which I have lately conducted in Oxford 
Street, Oxford Circus, and Regent Street proved these rays to be of 
the following candle-power (see Curve П.) :— 


10-ampere Union flame arc "o шө 


globe, 10° to 15° ... w+. T,I00-1,200 С.р. 
IO-ampere Union flame arc Зар, ‘dioptric 

and opalescent globe, 10° to 15°.. .. 1,750-1,800 ,, 
12-ampere Union flame arc lamp, dioptric 

and clear globe, 10° to 15° ©... ... 3,700-4,400 ,, 


This already indicates the advance one firm—namely, Koerting and 
Matheson—have made in the right direction by the introduction of the 
dioptric globe; for example, if these dioptric globes are used the in- 
creased illumination is 60 per cent., without appreciably increasing the 
cost of maintenance. If a clear outer globe is used the illumination is 
more than doubled. But Koerting and Matheson are not the only arc 
lamp makers who have appreciated the importance of light distribution. 
Messrs. Crompton, with the Crompton-Blondel lamp, and the Jandus Arc 
Lamp Company, with their regenerative flame lamp, have both made a 
great advance in this direction, as has been already demonstrated from 
the valuable tests carried out by Mr. J. T. Morris * at the East London 
College. Table I. (page 32) is compiled from Mr. Morris s figures and 
further tests taken by myself. 

The above figures refer to tests made on the lamps when using the 
carbons recommended by the makers, which in every case are high- 
grade carbons with the exception of the magazine lamp, which is a 
low-grade carbon lamp. These figures can only be taken as a rough 
guide on account of the question of globes, and also the current at 
which the lamps are run, which makes far from proportionate differ- 
ence, low-current arc lamps being always much lower in candle-power 
output per watt than those taking more current, and this particularly 
applies to flame lamps. The vertical carbon lamps, though of much 
higher efficiency, are not so steady burning as the inclined carbon 
lamps on account of the movement of the arc. I have found in the 
street when photometering that this variation is sometimes 50 per cent. 
As regards globes, the absorption of these differs enormously, and the 
greatest care should be taken in their selection, the only method being 
by testing the lamps and globes under actual working conditions (see 
Curve III.). 

At this stage, while discussing highly illuminated streets and the use 


* Illuminating Engineer, vol. 1, p. 719, 1908. 
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CURVE I. 


Profile curves of candle-power of various vertical carbon Hame lamps. The Jandus and 
Blondel A.E.G. are long burning lamps. 

These curves are taken from tigures issued by the manufacturers, but are chosen from lamps 
taking approximately the same watts and having opalescent or similar globes. 


C.P. 4000 2000 I000 500 


CURVE II. 


Candle-power at various angles of flame arc lamps, showing effect of dioptric and other globes. 

These are the results of several photometric measurements made by the author in Regent 
Street. Oxford Circus, and Oxford Street. 

It should be noted that the lamps in Regent Street, with the dioptric and clear globes, are 
taking 12 amperes, whereas the others are 10-ampere lamps., 
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of high candle-power units of light, the relative results obtained by the 
use of high-pressure gas lamps is of interest. Therefore I will again 
refer to the tests by Mr. J. T. Morris, from which he draws the con- 
clusion that the candle-power of a high-pressure gas lamp varies 50 per 
cent., depending on the quality and pressure of the gas. His figures 
show that from 30 to 34 c.p. per cubic foot of gas consumed per hour 
is a very average result—this is when working at a pressure of 4 in. of 
mercury. As my own tests tend to corroborate this, I will take as an 
example a nominal 1,500-c.p. Keith lamp, which gave on test between 


TABLE I. 


Candle-power per Walt of Various Lamps at 10° to 15° from 


Horizontal. 
| Type of Lamp. Watts per Lamp. T MEN id er Type of Globe. = 
Tungsten ... | From 40 upwards o'8 Clear glass 
Grouped MET 
| pecially de- 
| Eus s | 300 r5 | signed fittings 
| Open arc $00 0'7 Standard opalescent 
era rer 6o | Clear inner and | 
| ur e 4 05 | outer globe 
| ird flame | 460 | 24 Standard opalescent 
Excello flame | . Dioptric and opales- 
arc | 460 37 | cent 
| к flame Pi 550 6'5 Dioptric and clear 
| 
jandus Re- | 
| qE enerátion | 360 to 460 5 to8 | Standard globes 
к. | 350 © 20 зына globes 
` Magazine ; | 
alternating | 440 1'6 Standard globes Bu qeu 


720 and 780 c.p. with a consumption of 23 cub. ft. per hour. This, 
when compared with a flame arc lamp giving 5 c.p. per watt at rd. per 
unit, would have to be supplied with gas at 7d. per 1,000 cub. ft. in 
order to produce the same light for an equal cost, and thus it is obvious 
that even high-pressure gas lamps do not compare favourably in cost 
with those high candle-power electric arc lamps, which embody the 
improvements of the last few years. 

At the beginning of this paper I referred to the early days of electric 
lighting, when the open-type arc lamp was the most efficient lamp 
available, and was therefore erected in considerable numbers for 
lighting the more important thoroughfares. This was the case in two 
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districts bordering on Marylebone, in each of which nearly 1,000 of 
these lamps were erected, and are still in use. In one of these 
districts where they are supplied from the mains of an Electric Supply 
Company they are spread over nearly 25 miles of streets, the cost per 
mile of lighting being about £880, and the minimum illumination 
resulting in this case being ovos c. ft. On referring to the Marylebone 
figures, where the same class of street is illuminated by means of the 
tungsten lamps, it will be found that a minimum illumination of 
о'08 c. ft., nearly half as much again, is obtained at a cost of £414 
per mile, or less than half. In the other neighbouring district the arc 
lamps are spread over nearly 37 miles of streets, and are arranged to 
give two different degrees of minimum illumination, namely, in the 
important thoroughfares o'or2 c. ft., and o'oo8 in the lesser thorough- 
fares ; at the prices charged this works out at about £450 and £350 
per mile respectively. Comparing this with Marylebone, where 
the illumination even of the side streets is more than double 
the first, and sometimes triple, the cost does not exceed £204 per 
mile. 

These examples are sufficient to show that, with the exception of 
very important streets, the tungsten lamp will give a better result at 
lower cost than the ordinary open type of arc lamps ; but, of course, 
where the arc lamp has been used in the past, and the question of 
improving the illumination and of reducing the cost is under considera- 
tion, it would be unwise to incur fresh capital charges by replacing the 
existing arc lamps with a large number of small posts and fittings, and 
therefore I propose to call your attention to Croydon, where this 
problem has been most successfully dealt with. The borough electrical 
engineer, realising that certain classes of road were not of sufficient im- 
portance to require that higher degree of illumination obtainable by the 
use of flame arc lamps, decided to try the experiment of using groups 
of tungsten lamps contained in one lantern fixed as high as possible 
from the ground. The improvement in the evenness of the illumination 
was very noticeable, and the new form of lighting was generally ap- 
proved. It was found that a group of three roo-watt Osram lamps 
contained in a suitably designed and constructed lantern mentioned in 
Table I., and of which the profile curve of lighting (IV.) is given 
on page 36, when erected 20 to 23 ft. above the ground gave a 
much better minimum and much more even illumination than the arc 
lamps, with the result that nearly то miles of road have already been 
converted to this system of lighting. These lanterns, which were the 
outcome of a considerable number of experiments and tests, carried out 
by the engineer and his assistants in conjunction with the writer, are 
designed to embody the same principles as the Marylebone fitting, 
namely, to have a larger area of white reflecting surface in very close 
proximity to the incandescent metal of the lamp, with the object of 
making the source of light appear large so as not to strain the eye in any 
way. And owing to the height at which these lamps are erected this 
white surface can be, and is designed to act as an efficient reflector, and 


Vor. 40. 8 
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does considerably improve the distribution of light by nearly doubling 
the candle-power at 10? to 20? from the horizontal as will be seen from 
Curve IV., which compares the distribution from tungsten lamps fitted 
in these lanterns with that of an open-type arc lamp. The illuminating 
results are as follows, these lamps being 73 yards apart and from 20 to 
23 ft. high. The minimum direct illumination is o'o41 when using the 
tungsten group lantern, against to 0'024 when using the 10-ampere open- 
type arc lamp. Тһе cost per mile works out at approximately £200 рег 
annum, thus a minimum illumination double that of arc lamps is 
obtained, and at slightly over half the cost. It is interesting to note 
that when these roads were lighted by gas mantles the minimum direct 
illumination was 0'0036,* and thus the illumination is now about seven 
times as high, the cost being about three times greater. 

Аз in many towns the open-type arc lamps have been installed on a 
series system, it would necessitate considerable expenditure of capital 
to replace them by the more efficient grouped tungsten lamps if the 
mains had to be disturbed in order to put in a parallel system of 
cables, moreover individual switching then becomes necessary, which 
slightly increases the cost. In order to overcome these difficulties 
the author has devised a combined lantern and cut-out which per- 
mits of the arc lamp being replaced by a group of tungsten lamps, 
of which one is a spare lamp placed in a conspicuous position in the 
globe, and cornes into operation in the event of any of the other lamps 
failing. The usual construction of these lanterns is as follows. The 
lamps nominally in circuit are placed round in a circle and are each 
connected in parallel through the winding of an electromagnet to the 
series mains, The spare lamp is placed in centre of the group at a 
lower level, and is connected through а contact operated by the electro- 
magnet to the series mains. The electromagnet is so wound that when 
the normal lamps are lighted, and the current is passing through the 
coils in series with them, the magnet is not excited, but, in the event of 
a lamp failing, the balance cf the ampere-turns is upset, and thus the 
magnet excited attracts its armature and connects the spare lamp. 
The advantage of this arrangement is that the automatic cut-in only 
operates in casc of failure of a lamp, thus the contact is rarely made, 
and the circuit is never broken at the points of contact. 

Among other examples of the great improvement possible with 
modern electric lamps, I would like to mention Harrogate, where the 
engineer, Mr. Wilkinson, has replaced the arc lanps by four 100-c.p. 
tungsten lamps, arranged on spreading arms at a considerable height, 
the result being excellent both as regards illumination and appearance.1 
It is interesting to note that at Harrogate the lamps are used without 
globes, but are provided with prismatic reflectors, which leads up to 
the question of reflectors generally. It is important that the reflectors 
should be designed with the object of reducing the effect of “glare,” 
in other words, counteracting the high intrinsic brilliancy of the light 


* Fournal of the Institution of Electrical Engineers, vol, 36, p. 188, 1905-6. 
t Ibid., vol. 44, p. 509, 1910, 
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source. For example, various samples of street lamps and fittings are 
often installed for inspection of councils and committees, and the 
writer finds that they invariably turn to him and point out as the fitting 
giving the most light the one which he has designed with the object of 
eliminating as much as possible the effect of glare, although very often 
the illumination derived from the lamp in that particular fitting is no 
better than the others, but to use an expression which I believe was 
invented by Mr. Mordey, the seeing capacity is improved owing to the 
iris of the eye remaining open. Thus-it will be seen that a specifica- 
tion that relies only on candle-power or illumination does not always 
result in the greatest satisfaction to the public. There are many 
ways of reducing the deleterious effect of high intrinsic brilliancy of 
light sources, without interfering with the efficiency of the light. 
In Marylebone, for instance, it is done by the wedge-shaped white 
surfaces above the lamps being brought down as near the filament or 
light source as possible. A very ingenious method has lately been 
invented by Mr. Pragnall, based on the principle that nearly all light 
sources cover an appreciable area ; thus by fixing thin sheets of metal 
having white surfaces, adjacent and radially to the light source, it is 
seen in the midst of an illuminated white surface, and not against the 
dark sky or distant surroundings, while at the same time practically no 
light is lost owing to the surfaces being thin and radial to the lamp. 
With arc lamps opalescent globes are very generally used to get over 
the effect of glare, but the greatest care is necessary in selecting these, 
as the loss of light is very often a serious matter. This is clearly 
demonstrated by Curve III. This curve is plotted from tests taken 
by the author under normal working conditions in the open, and 
it is interesting to note that the opalescent globe B did not seriously 
reduce the candle-power of the lamp at the important angles, namcly, 
10° to 15°, whereas C reduced it considerably. 

Some very interesting work has lately been carried out in the City of 
Westminster in connection with street lighting by gas, and as at the 
time of writing the lighting of Victoria Street has been completed, the 
writer has had an opportunity of measuring the illumination and judg- 
ing the effect of what may be taken as the most modern form of gas 
lighting. It is not proposed to enter upon any criticism of the local 
authorities’ action in accepting the tender of the gas company, but only 
to compare the results now obtained with those which existed in the 
past and those which could have been obtained by other units of light 
which were tendered for by the Gas Company. Before going into 
these figures, it is necessary to examine that part of the Specification 
relating to candle-power, under which the Electric Light and Gas 
Companies tendered. This is somewhat unique, reading as follows : 
“The candle-power shall be arrived at by taking the average of two 
sets of readings in any position with regard to the light under test—one 
set at an angle of 20? and a second set at an angle of 5o? to the 
horizontal.” It will be noted that there is no statement that the 20° 
ray shall bear any definite ratio to the 50° ray. Mr. Jacques Abady, 
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Measurements made by the author on Beck flame lamps, taking 8 and 10 amperes respec- 
tively, and tested with various globes. The effect of the increased current is very noticeable, also 
the quantity of light absorbed by the opalescent type of globe. 

А. 1c-ampere lamp with clear globe. 

B. 10-ampere lamp with opalescent globe, sample 1. 
C. 1o-ampere lamp with opalescent globe, sample 2. 
D. 8-amperelamp with clear globe. 

E. 8-amperc lamp with opalescent globe. 


Line thus-———=represents 3- тоо Watt Tungsten Lamps without reflector or globe. 
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The horizontal dotted line shows position of pavement to light angles for lamp 20 ft. high. 


CURVE IV. 


Note that the tungsten lamps with reflector give higher illumination than the open arc at any 
distance exceeding 50 ft., than the flame arc at any distance exceeding 120 ft. 


(These curves are plotted from measurements made in the street.) 
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referring to this in his paper on the subject read before the Institution of 
Gas Engineers, states: “ Of course it might be possible for an enter- 
prising individual to make a lamp giving 180 candles at 50? and none 
elsewhere ; and this would be a go-candle lamp." Ви а lamp such as 
this would not comply with the general specification of the Westminster 
testing clause, and the example is stated simply as a reduction ad 
absurdum." Be this as it may, surely a clause stating what ratio the one 
ray should bear to the other was necessary, as any individual might 
have taken advantage of this clause and tendered for converging flame 
arc lamps with clear glass globes, or direct-current open-type arc lamps, 
which at 50? give from three to five times more candle-power than is 
obtained at 20°; the use of such lamps as these would naturally 
have resulted in a very low minimum illumination. As it is the high- 
pressure gas lamps installed give about 1'5 times more candle-power on 
the 20? ray than on the 50? ray, which is, of course, a ratioin the right 
direction, but not sufficiently so to prevent the illumination adjacent to 
the post being 20 times that of the minimum illumination, whereas 
with the small gas units displaced it was only 16 times as great, and 
if the height of the small units had been that of the present units it 
would only have been twice as great, which would have come under 
the head of even illumination. 

The units of light according to the specification were to be 9o c.p., 
180 c.p., 300 c.p., 1,800 C.p., 3,000 c.p., for which the accepted gas com- 
pany's tender works out at £2 165. 6d., £4 10s, £6 10s, £15 Ios., 
and £22 per annum respectively. Of these the 1,800-c.p. unit fixed 
20 ft. high was selected for VictoriaStreet. This street is approximately 
3,600 ft. long, and 25 such units have been erected in place of бо 
upright double incandescent gas mantles placed 12 ft. from the ground, 
with the result that the minimum illumination has been increased 
to O'IS с.р. 

The cost of public lighting by electricity naturally depends on 
three factors :— 


1. Cost of electrical energy. 

2. Cost of lamp maintenance (lamps or carbons burning, cleaning, 
lighting, repairs, etc.). 

3. Capital charges and repayment of same. 


Item (1) will apply to every type of electric lamp in proportion to the 
energy it takes, and as opinions vary as to the right charge to make for 
electrical energy when used in public lamps, I propose to consider 
this item from a consumer’s point of view, arguing that it can make no 
difference to an electricity supply authority for what purpose it sup- 
plies the energy, excepting only that in the case of street lighting a 
certain amount of credit should be given on account of the adver- 
tisement. 

All-night street lighting has a load factor of до per cent. It is true 
that it overlaps the peak of the ordinary lighting load, but, on the other 
hand, it helps to fill up the depression which occurs in the load curve 
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of nearly every station between midnight and sunrise ; therefore, as a 
consumer, it has more value than a power load consisting of motors 
used during ordinary factory hours. On this score alone it should 
rank as better than a motor load and be charged less, in which case 
the large number of electricity undertakings which are supplying 
power at 1d. per unit for motors can well afford to supply the public 
lighting at less than that rate, and it is very rarely that the big supply 
companies or large municipal undertakings ask more than that sum, 
which they find pays them, as it results in a profit on their generating 
costs and also covers the cost of repayment of capital in services, etc. 
The latter should be spread over at least ten years, for there is little 
doubt that when once the electricity department has obtained the 
street lighting it will retain it. 

In the smaller undertakings where generating costs are proportion- 
ately higher, the price of та. per unit would appear low. In this case 
I think a good way of dealing with it is that described by Messrs. 
Handcock and Dykes, in their paper read before this Institution in 
November last, namely, to take the standing charges per kilowatt of 
consumers’ demand, which, in the example given, stood at £17, and 
for a 60-watt lamp would work out at— 


£17 X 20 x 60 


== 20s. per lam cr annum. 
I,000 P P P 


Taking the running charges at o'4d. and the hours of burning as 4,000 
per annum, this works out at— 


4,000 X 00 X 04 _ 
1,000 = 0005 


making a total charge of 28s. per lamp per annum, which works out at 
the rate of— 


28s. X 12 


~- = гаа. it. 
240 tinits I'4d. per uni 


Thus, treating the street lamps as an ordinary consumer, a re- 
munerative price per unit may be taken as id. for large undertakings 
апа 1:54. for small undertakings, which includes, as in the case of 
consumers, the cost of service to the ordinary distributors, but not of 
fittings, etc., which would come under the same heading as the con- 
sumers' wiring and fittings, which are part of the installation. It will 
be noted that even with this rate of charge the revenue per 60-watt 
lamp is nearly eight times the average revenue derived from lamps 
installed in consumers' premises, and moreover, as no meters need be 
installed and the cost of the services is low compared to that for 
ordinary consumers, all meter-reading charges are dispensed with and 
the clerical and office charges are practically nil. 

The cost of lamp maintenances must again be divided between two 
different classes of lamps, namely, incandescent and arc lamps ; and 
as it is essential to know the cost per candle-vower per annum in order 
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to ascertain the most economical lamps to use for the purpose and the 
best method of arranging them, it is necessary to come to some approxi- 
mate estimate of this figure. With tungsten lamps the cost of lamp 
renewals at the present price of lamps depends largely on the candle- 
power and slightly upon the volts, but the following figures which are 
based on a considerable experience in various towns will act as a guide 
to the likely maximum, including rates of renewing :— 


TABLE II. 


Cost of Tungsten Lamp Renewals. 


Cost per Candle-power Cost per Candle- 


power onal. “| oco tious). nale. [оон 

s. d. d. 

50 8 24 r3 

IOO I3 r8 I'2 
200 20 I'2 I'O 
300 30 pz s 
400 40 I2 o'8 
500 50 cs 99 


The cost of lighting, extinguishing, cleaning, and repairs depends 
largely on the system of supply, whether from the distributors and 
separately switched, or from special street-lighting mains, but it will 
be found that the interest and sinking fund on special street-lighting 
mains is about equal to the cost of individual switching, and therefore 
the latter system is likely to be largely adopted, in which case the cost 
per post may be taken as 16s. per annum, this being constant whatever 
the candle-power of the lamp. The total cost per candle-power works 
out as shown in Table III. 

The capital charges of electric street lamps, of course, depend upon 
the value of the posts and lanterns; the cost of the service, etc., being 
put roughly, they may be taken as follows :— _ 


Light units up to 200 c.p. (tungsten) erected r2 ft. high 
Light units up to 500 c.p. (tungsten) erected 16 ft. high 
Light units above 500 c.p. (arc lamps) erected 20 ft. high ... 2 


О л ә 9 


The cost of maintaining arc lamps, including carbons, trimming, 
repairs, lighting, and extinguishing, varies very much with the type of 
lamp, the enclosed or regenerative type of lamp naturally being the 
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lowest, flame arc lamps burning a good quality of carbon being the 
highest. In the following estimate it is taken that one man can attend 


TABLE III. 


Cost of Lighting, Extinguishing, etc. 


| Cost of Lighting, Extinguishing, etc., 
per Candle-power per Annum. 


Total Candle-power of Unit. 


4. 
50 {оо 
100 2°00 
200 1'00 
300 o'66 
400 0°50 
500 0°40 


(Calculated without reflectors.) 


to 130 enclosed or regenerative-type lamps and 70 open-type lamps ; 
the cost per annum works out approximately as shown in Table IV. 
These results will, of course, vary with the local circumstances, 


TABLE IV. 


Cost of Arc Lamp Carbons, Trimming, etc. 


——-—— ———— —— ——Ó e MÀÓ e 


Size of Light Unit. Colt oer Auntam 3 ka ARDOR 
—-—— —— O_O See | ‘M VEU, E а E zl - —— 
. ж s d. | d. | 
300 c.p. unit (open type)  ... ios 4 IO O | 36 | 
1,000 c.p. unit (flame arc dioptric 8 ; | 
globe and opalescent outer) ! ios id | 
3,000 c.p. unit (flame clear outer) ... 8 о о 0'7 
2,000 to 4,000 c.p. unit (герепега- 
tive flame) ... й m is jus | dida 03 10/015 


— 


cost of labour, etc., but can be taken as a very general guide. Adding 
together the previous figures we get the tota] cost per candle-power 


1910.] BY MODERN ELECTRIC LAMPS. 41 


per annum exclusive of capital charges, this table including cost of 
current taken at тд. per unit. 


TABLE V. 


Total Cost per Candle-power per Annum. 


1 


Cost per Candle- Cost per Candie- 


power per 
power per Annum Annum in 


Candle-power of Light Unit. 


Naked Lamp. | Special 

ps П S NE NE" ME 
A 50 tungsten | 10°50 : 70 : 

A 100 tungsten ... | 8:20 5'0 
A 200 tungsten ... | 7°00 | 43 
A 300 tungsten... ЕР СЕ 6:66 | 41 | 
А 400 tungsten ... | 6:50 | 38 
А 500 tungsten ... iss ji | 6°40 35 | 
В 300 openarc ... 10°20 — 
C 1,000 flame arc ... br i 3°65 | — | 
opes flame arc шере апа ay Р _ | 

clear outer) . | | 
2,000 to 4,000 regenerative flame H r'o to o'g | — 


—— = eee ———— ———ÀMM— M M MM ——————————— ——— шшш E: 


Having obtained an approximate table of costs per candle-power 
per annum for various units of light, it is easy to ascertain which are 
the best to use under different circumstances. For this reason I have 
given on page 42 in Table VI. the total candle-power necessary to 
produce a minimum of illumination (horizontal) of o'1 c. ft. with lamps 
spaced at different distances and alsoat two different heights—namely, 
20 and 12 ft. 

From Table VI. two important features are very noticeable, namely, 
the large reduction in total candle-power necessary to produce 
the same minimum degree of illumination with small units of light 
placed close together, and the effect of height of the lamps on hori- 
zontal illumination ; this latter point will be dealt with later. It will 
be noticed that when the lamps are spaced at зо yards only one-ninth 
of the total candle-power is necessary to give the same result as when 
they are placed roo yards apart ; therefore from the table of costs per 
candle-power it will be seen that unless a lamp giving a very high 
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candle-power at low cost be used, the closer spacing would be the 
cheaper alternative. Again, converging flame lamps (unless provided 
with dioptric globes) when erected at 70 yards give illumination at the 
same cost, equal to small units of light placed between 40 and со yards 
apart, provided, of course, the small units of light are fixed at the same 
height. 

With reference to the height of lamps, according to Curve VI., 
based on horizontal illumination, and obviously in order to obtain even 
illumination, they should be placed as high as possible; for instance, 
in Baker Street, if the lamps had been 20 ft. high the minimum hori- 


TABLE VI. 


Candle-power necessary lo obtain Minimum Illumination от c. fl. 


Candle-power of Lamps. Total Candle-power per Mile. | 
Space between 
Lamps. Е а ees eg yy e 
| 12 ft. high. 20 ft. high. 12 ft. high. 20 ft. high. 
Yards. ee mE 
100 | — 8,800 — 156,000 
9o | — 6,300 — 125,000 
80 | 7:300 | 4539 160,000 100,000 
70 | 4,800 3,060 121,000 76,боо 
бо 3,140 1,950 92,000 57,000 
So 1820 | 1,186 63,500 - 41,600 
40 950 620 41,500 27,300 
30 400 | 300 23,300 | 17,600 
ree УУ ee Cree 


| 
zontal illumination on the ground would have been отт c.p. instead 
of о'о8, or an increase of nearly 50 per cent. ; but I doubt whether the 
lighting committee or the public would agree that the illumination 
of the street had been improved 50 per cent., and am certain that there 
would be no hesitation in their choice between increasing the height 
of the lamps 8 ft. or increasing the candle-power 5o per cent., pro- 
vided the increased candle-power cost no more. This, to my mind, 
demonstrates clearly one of the objections to horizontal illumination as 
the gauge of street lighting, for the increase in the height of the lamps 
would not in any way increase the illumination of pedestrians and 
vehicles or other vertical objects, and it is certainly misleading owing 
to the introduction of the cosine factor. On the other hand, the 
specifying of minimum horizontal illumination does encourage raising 
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the height of the lamps, but, as I have mentioned in previous writings, 
the factor of direct illumination covers this point when the maximum 
and minimum are stated. That the difference between the maximum 
and minimum illumination at any point of a street should be as small 
as possible is so important that it is gratifying to note the comparatively 


25 3oFt.high 


CURVE V. 


Variation in horizontal illumination due to various heights of lamps. Thecurveis calculated 
on the basis that the lamps are giving equal candle-power at all hemispherical angles. 1t demon- 
strates clearly the effect of the cosine factor if horizontal illumination is used tor comparison 
purposes. 


low candle-power when measured near the vertical of the tungsten 
and modern arc lamps, especially when the former are in correctly 
designed lanterns. For example, maximum illumination with the 
inclined carbon flame lamps is as high as 10 c. ft. in Oxford Street, 
with a minimum of o'1I c. ft., or a diversity factor of go. In Baker 
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Street the maximum illumination on the ground is o'5 c. ft. with а 
minimum of 0:08, a diversity factor of only 6. Again, in Regent 
Street, where Excello lamps having dioptric globes are in use, the 
maximum illumination does not exceed 3 c. ft., the minimum being 
0'23 C. ft., or a diversity factor of 13. 

The importance of correct characteristic light distribution is clearly 
brought out in Curve VI., where the candle-power at various downward 
angles necessary to produce even illumination is compared with the 
candle-power given at those angles by : (A) Tungsten lamps with a 
suitable reflector, such as the Marylebone type, which it will be 
noticed fairly closely approaches the correct curve. (B) A vertical 
low-pressure gas mantle which gives about the same curve as a 
tungsten lamp without a reflector. (C) A low-pressure inverted gas 
mantle. 

The effect of using correctly distributed light is not only more even 
illumination, but also reduced cost of lighting for a given minimum, 
which is seen by the following comparisons :— 


Mini Diversit Cost per Mil 

Position: Illumination. Factor, per Миша: 
| & 
Baker Street (Electric) | o'o8 6 356 
Regent Street (Electric) 0'23 I3 660 


Victoria Street (high- 
pressure gas) T O'IS 20 540 


| | 


NOTE.—The tender for the Regent Street type of lighting was subsequently reduced 
to £425 per mile per annum. 


The above figures call attention to the considerable variation in the 
diversity factor of illumination. The importance of this factor cannot 
be over-rated. A. J. Sweet * states that a ratio of maximum to minimum 
(illumination) of 4 to 1 is permissible, and points out that the present 
factor more frequently falls between тоо to 1, or even 500 to т. For 
example, in Oxford Street, using flame arc lamps, it is 99 to 1; whereas 
in Regent Street, where the same type of lamp was used, but with a 
dioptric globe, this was reduced to 13 to І. In Victoria Street, the 
latest example of gas lighting, it is 20 to 1; whereas in the important 
streets of Maryleboneitis6tor. In both Regent Street and Marylebone 
this great advance was brought about by the correct use of globes and 
reflectors specially designed for the purpose. It is the possibility of 
using such globes and reflectors with electric lamps which gives them a 
great advantage over gas, where the dissipation of the great heat neces- 


* Fournal of the Franklin Institute, vol. 169, p. 359, 1910. 
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sary for the efficient use of mantles makes the use of efficient globes 
and reflectors a practical impossibility. 

For instance, in Victoria Street the light rays from the high-pressure 
gas lamps which reach the point of minimum illumination are only 
I'5 times the power of those adjacent to the lamp-post. In the case of 
the tungsten lamps in Marylebone, they are six times the ромег— 
hence the more even illumination. It is interesting to note that if the 
latter lamps had been placed a few feet higher, and spaced at, say, 
100 posts to the mile, the illumination would have been even through- 
out the street with a diversity factor of unity. At first sight this would 
appear considerably to increase the cost, but this is not so, as the 
candle-power of the lamps could be reduced to one-fifth without 
reducing the illumination. 


irulebone Fibbing in existing Gas Lanterr 
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I must apologise if I have repeated too often examples and figures 
proving that the multiplicity of small-light units results in more efficient 
street lighting ; but the fact that measurements and figures invariably 
lead to this conclusion proves that it is worthy of the consideration of 
those who have to deal with street-lighting problems. 

I am aware that the average man who is asked to compare brilliant 
and powerful lamps with the less brilliant but increased number of light 
sources will generally vote in favour of the powerful light, regardless of 
the result; but the fact that the Marylebone lighting has given satisfac- 
tion to all concerned does prove that in the long run even illumination 
is appreciated. 

The eyesight of the present generation is suffering from the indis- 
criminate use of large glaring light units, unsuitably placed. "Therefore 
it is important that those who are called upon to illuminate streets, 
where the minimum illumination cannot exceed o'1 of a candle-foot, 
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should not be tempted to accentuate this low figure by producing a few 
patches of bright light. 

It is noticeable that in the past the small-light units derived from 
gas have been more economical for outdoor lighting than those pro- 
duced by electricity. The reverse is now the case, therefore electrical 
engineers should be able to compete favourably, considering that the 
light they are able to supply is constant, reliable, capable of correct 
distribution, and easily manipulated, which must result in its adoption 
for exterior lighting in the same way as it has been so generally adopted 
for interior lighting. 

There is one other feature which I should like to take this 
opportunity of bringing to your notice, namely, the rating of light 
units. 

It is the custom with incandescent electric lamps to mark them 
with the mean horizontal candle-power, and they are known by that 
figure ; but if by the use of suitable reflectors or globes this figure is 
often more than doubled over the angles where the light is required, 
that unit becomes of twice the value. You will notice that in com- 
pleting this paper difficulty of this sort has arisen, and that in 
calculating the cost per candle-power the writer has in most cases 
given the figures as based on the horizontal candle-power of the naked 
tungsten lamp; whereas, where they have been erected in suitable 
lanterns or globes, this cost per candle-power-hour is reduced to a half 
or a third. This must be carefully borne in mind when using the 
tables referred to. 

Before concluding I would like to thank the many municipal and 
other engineers who have so kindly sent me data which has helped 
to compile the figures I have placed before you. I am sure you will 
agree that by the use of modern electric lamps the lighting of our 
streets and thoroughfares can be carried out both economically and 
efficiently, and that no electrical engineer need hesitate to tender for 
this class of work, knowing that, should he obtain it, his undertaking 
will earn both money and credit, provided that the results are justly 
and scientifically compared with those of his competitors. 

I should like to take this opportunity of warning engineers that 
good illumination, though the prime object in street lighting, is not 
the only feature to be considered. Careful thought must be given 
to obtaining as even illumination as possible ; and if high intrinsic 
brilliancy is carefully avoided the result will be in every way satis- 
factory, not only to the lighting authorities, but also to the general 
public. 


DISCUSSION. 


Mr. FRANK BaILey: The subject of this paper is of great interest 
to the majority of the members of this Institution, whether they are 
engaged in the manufacture of plant or in the equally important duty 
of carrying out the public supply of electrical energy. I think we must 
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all agree that the author of this valuable paper has put before us many 
results of great interest. It is a paper which enjoys the unique position 
most worthily of being the first paper placed before us for discussion 
in the first session of our new abode. Taking the title of the paper, 
“Street Lighting by Modern Electric Lamps," I think the author has 
undertaken a somewhat large order. Many of us would like to say 
that the first duty in lighting streets is not to find out how much 
illumination can be done for the least cost, but how much illumination 
people require. The author has proved his case in applying in many 
cases the tungsten lamp and in producing most valuable results at 
Marylebone at a cost which amply justifies itself and competes worthily 
with all other methods of illumination. It is our duty to draw the 
attention of the authorities and the people themselves to the very 
unsatisfactory nature of most of our street lighting. It is not how little 
they can do with, but how much they ought to have. We are now 
satised apparently with street lighting giving an illumination not 
very much more than we had many years ago before the conditions 
were entirely altered. If we consider for a moment what those con- 
ditions are, we need only think of the enormous development of motor 
traction and the devclopment of petrol-propelled vehicles in the street. 
We have seen the speed of street traffic increase enormously in the 
last four or five years, and yet the illumination of the thoroughfares 
remains much as it used to be a good many years ago. Surely that is 
not the sort of thing we ought to be content with. We ought to feel 
gratified that the author has devoted so much energy to this problem, 
and hope that not only the various authorities in London, but those in 
the country, will see fit to employ the services of an expert adviser, in 
order that he may draw up an intelligent specification, telling the 


people what they ought to have and not what they think they ought, 


to bave. One sometimes comes across weird specifications for street 
lighting, so worded as to make evasion possible with the greatest 
ease. But that is not the policy of the electrical engineer of to-day, 
even when he sees a very weak specification. I have always found 
that he is the man to draw attention to the inaccuracies of the 
specification and to put them right in practice. But in the present 
case we can only deplore the gloomy look of all our thoroughfares, 
and think how very much better we could do the lighting if only 
we were allowed to try. That has been very much my position in 
the City of London within recent years. We have had to ask to 
be allowed to try ; we have had to beg of them to allow us to show 
what we could do with modern appliances in order to bring up the 
street illumination to a pitch where people could sec definitely. We 
all know perfectly well that efficient lighting is a matter of life and 
death in many thoroughfares. Owing to the speed of modern motor 
vehicles, there is hardly time for pedestrians to get out of their way if 
it is needful for them to do so. The pedestrian can see the motor, but 
the man driving the motor cannot see the pedestrian. We are told that 
the foot-passenger has to be taken care of ; in other words, that the 


Mr. Bailcy. 


Mr. Bailey. 


48 HARRISON : STREET LIGHTING [Nov. 24th, 


road traffic should look after him ; but I do not see how that can be 
done when vehicles find it necessary to carry a light and there is no 
law compelling a pedestrian to carry his own lamp. I thought, on 
leaving this hall after the Presidential Address a fortnight ago, that all 
of us going along the Embankment ought to have carried our own 
lights in our hands in attempting to cross to the other side of the 
Embankment. The traffic is great, the lighting is poor, and if all 
of us had carried one candle, 500 people perambulating round the 
Embankment with candles would have given a better illumination than 
the present arc lamps ао. It is not right that such a state of affairs 
should exist. The author in this paper might justly have drawn atten- 
tion to the fact that street lighting is not carried out universally as it 
might be, and that by the aid of modern lamps, whether arc lamps, 
incandescent lamps, or any other kind, we ought to be able to show, 
and can show, a much better result at the old price. We can show 
results creditable to this country and to this city, if only we had a little 
more money to do it with. This is not a case in which we ought to see 
how much light we can give for the least amount of money, but how 
much light the people ought to have and at what cost; that has been 
my mission in attempting to light Cheapside in the manner in which it 
ought to be lighted. The standard of illumination should not be less 
than that we now obtain in Cheapside by using ten arc lamps sus- 
pended at intervals of about 30 yards over the centre of the road, 
by means of which not only can street traffic be carried on safely, but 
pedestrians find their way without carrying a candle. Another reason - 
why I most strongly urge that all electrical engineers should devote 
their attention to teaching the authorities how to conduct that part of 
the work, is that better lighting must mean fewer police, therefore less 
cost and fewer burglaries. That has been shown over and over again, 
where the police in a wide thoroughfare can look down it, see all the 
places, see if there are any men lurking about, and what they are doing. 
The inspectors of police would also be able to see the constables on duty, 
because they could not be hiding in the shadows, as there would not be 
any shadows for them to hide in. I suggest that the attention of 
electric lighting authorities should be devoted, not to giving the old 
standard at lower cost, but to obtaining increased illumination at an 
equivalent price. The people must have more light, and I think 
we ought to supply it. 

The author very rightly mentions the question of price. Being 
more or less commercial, I think we must all feel that in justi- 
fying lighting at the cost he has mentioned he has done us a good 
service. He mentions id. per unit as being the average price. І 
am not quite clear how he arrived at that figure. He might have 
taken 4d. and said that that is a good price— perhaps that is too much ; 
and he might have taken four units a rd., which I fear would be 
dependent on the progress of the inventive genius of our President. 
But in taking 1d., it is perhaps a fair, good, average price, and 1 do 
not think it is one we should quarrel with. The results obtained with 
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that 1d. worthily, I think, emphasise the use of metallic filaments in 
streets of minor importance. But if I may go back to the main 
thoroughfares, I do not see myself that it is wise or necessary for us to 
urge the application of tungsten lamps for lighting of such importance 
as can only be properly carried out by flame arc lamps of high candle- 
power. І put Cheapside before you as an example of what should be 
done in main thoroughfares, and there are plenty of main thoroughfares 
in London which justify that expenditure of money, which works out 
at something like £800 a mile. That does not appear to be an excessive 
sum to be paid for what is absolutely required for the protection of 
both life and property. So far as our work in the City has gone, we 
have to acknowledge with feelings of gratitude the assistance the 
author has rendered to us in many of the fittings we have employed. 
It may seem a small thing to devise a fitting for a simple matter like 
street lighting, but when we try to carry out experiments and then 
obtain the special goods afterwards, it is by no means an easy or simple 
operation within the time available. Not only bas the author worked 
out the details so admirably regarding reflection and the proper form 
of globe to be adopted, but he has shown us how to obtain the articles 
with the least possible delay in time. It may be suggested that it 
would be better for any man who devotes his time to expert knowledge 
not to make his own fittings and put them on the market ; but I feel 
we owe a debt of gratitude to the author for having done both at the 
present time. He has now shown us what to do, where to get it, and 
how to get it in time. As time goes on it will become part of the 
ordinary commercial trade of the country, and then we shall be only 
too thankful to know that the author is ready and willing to undertake 
the duties of an expert adviser in this important matter. 

Mr. CHaRLES P. SPARKS: The author has drawn our attention to 
the importance of the specification relating to candle-power. In some 
cases the average of the candle-power at two angles—selected at 
random—is taken without specifying that the illumination at these 
angles must bear some definite ratio to one another ; again, the import- 
ance of the ratio of maximum to minimum illumination is ignored. 
The basis of these specifications generally comes from our competitors, 
the gas companies, who have served a long apprenticeship in the public 
lighting business. Comparatively speaking, we are new to the street- 
lighting industry, and I think this Institution would do a great public 
service by appointing a Committee which would draw up a standard 
specification for street lighting. While the specification might not be 
adopted in all cases, it would at least act as guide and could be taken 
as an authoritative basis. The specification should be drawn up on 
broad lines, taking into consideration not only the electrical and gas 
interests, but also what is wanted in the public interest. As pointed 
out by the author, until recently we have been very much handicapped 
in this industry by the fact that we had only large units of light, and 
the method of distributing the light resulted in points of maximum 
illumination, which gave a very big diversity factor; although the 
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public may require educating to the use of a new standard, the old 
method is not the standard of ligbting required ; we require a low 
diversity factor, even if the standard of illumination remains low. I am 
certain that the author's remarks, pointing out the desirability of using 
proper methods to get this low diversity factor, are of great importance, 
not only to the electrical trade, but also to the public. I wish to 
endorse Mr. Bailey's remarks with regard to the assistance those in the 
supply business have received from Mr. Harrison. Until recently all 
the pioneer work in connection with the lighting of public streets has 
been done by the gas companies. Mr. Harrison has devoted himself 
for some years past to the subject, and not only is he up to date in 
every way with regard to the methods of lighting, but also in regard to 
the way in which the present burners should be used. With regard to 
the existing electric lighting for public purposes, with the exception of 
isolated cases, it is almost entirely in the hands of those municipal 
authorities who themselves own the electric supply stations. They 
went into this business principally with the open or enclosed type of 
arc lamp, which compares most unfavourably with the new lamps to 
which the author has referred. I think the first duty of these under- 
takings is to try and bring themselves up to date. Go where one will, 
one is struck by the very poor comparison these old-type lamps bear to 
modern gas lighting, let alone modern electric lighting ; seeing the 
rates at which most of these contracts have been taken, there is an 
ample margin to pull out the whole of the old fittings and put in 
modern ones, and for the credit of the electrical industry I hope this 
will be done at a very early date. Lastly, with regard to the price of 
energy, the author suggests that the basis in the smaller towns should 
be 14d. a unit, and for the larger cities Іа. a unit. In view of the 
prices now quoted by our competitors, I look upon the figures given, 
especially of 1d. per unit for the larger cities, as being on the high side. 
I feel sure that, unless the supply undertakings are prepared to offer 
energy at a lower rate than is indicated in the paper, we shall not have 
much chance in open competition of wresting the bulk of the public 
lighting business from our competitors, the gas companies. 

Mr. А. Н. SEABROOK: I feel that this paper will be a most useful 
addition to our files on street lighting. There is a welcome ring of 
conviction running right through the paper from beginning to end ; 
it is so obviously written by a man who thoroughly understands his 
subject, and, what is of more importance, believes in his subject. Mr. 
Harrison is, of course, an enthusiast. If you want to know the candle- 
power of various gas or electric lamps in your area you have only to 
ring him up and he will spend half the night in discussing the matter 
with you. The figures given in the middle of page 25 of candle-powers 
on actual tests of 4}-ft. burners are rather striking, namely, an average 
of 50 c.p. and 76 c.p. as given by the testing authority “ connected with 
the gas industry," and 45 c.p. and 76 c.p. as given by Mr. Harrison. If 
you compare the candle-powers in actual commercial use in the streets 
with thc figures given as the correct figures by the gas companies you 
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will find a very striking difference indeed. I have underlined these 
words іп the middle of the page in геа : “I tested for my own satis- 
faction." If a few more of us would test for our own satisfaction and 
not take figures from advertisements we should not have the absurd 
disbelief in electricity for lighting, heating, and cooking which exists 
at the present time. We never have a commercial test from the gas 
people, you have to test for yourselves, and a gas-meter is one of the 
easiest things to test to enable you to get your own figures. 

With regard to the price of energy charged in Marylebone for street 
lighting, 1d. has been suggested by Mr. Sparks as rather on the high 
side. Considering our street lighting people are saving about £2,000 
a year, it seems to me to be unnecessary to go below 1r:42d. We have 
to a certain extent to fix our price according to what the stuff will 
fetch (somewhat on Mr. Cowan's lines), and also base the price on that 
of our competitors. The question of loans mentioned on page 28 is a 
most important one. "There is a great dislike on the part of the Local 
Government Board to sanction loans for services for street lighting. 
There are plenty of cases in which you could get £3 revenue per lamp 
for street lighting on a contract of from two to ten years, but you 
cannot get the loan for the expenditure, although you can get a loan 
to put a service in for a small consumer who pays you £2 a year and 
may go off at the end of six months. On page 30 the dioptric globe 
is mentioned. I have seen it in Regent Street, and it seems to 
me to give a very unpleasant glare. I have often stood at Oxford 
Circus and looked down Oxford Street and then along Regent 
Street. You can comfortably look at the lamps in Oxford Street, 
but it is not comfortable to look at the lamps in Regent Street, the 
glare is excessive. 

I wish the author had made a few remarks about the question of 
side-walk columns as compared with centre lamps for arc lighting. 
I have come to the conclusion that where a street is wide enough for 
centre columns that is the best position to put the arc lamps, how- 
ever high they are. If there be a suitable building on each side for 
rosettes and span wires, then the arc lamps give a very good effect 
suspended in the middle of the street. Arc lamps on the footpath 
waste an enormous amount of their light on the buildings which do 
not require the light, and if a street cannot be lighted by centrally 
supported arc lamps it seems to me much the best way out of the 
difhculty toemploy a medium candle-power tungsten lamp. 

Mr. W. A. VIGNOLES: This paper is specially interesting to us 
members from the provinces as showing that the whole of London is 
not reverting to gas lighting as our competitors in Grimsby would have 
us believe. At the time the Westminster contract was made and a few 
lamps were changed over to gas, all my Committee had newspapers sent 
tothem marked with blue pencil, and came to me to know why London 
was throwing out electric light. This paper reminds us that quite the 
contrary is taking place in a great many districts in London. With 
reference to the Local Government Board's attitude towards loans for 
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ppblic lighting, we made application a short time ago for a loan for 
putting up electric tungsten lamps in place of the existing gas lamps. 
An inquiry was held, and after complete detailed estimates showing 
that we could make a profit on the prices to be charged, and that the 
town would not pay any more, had been submitted, the Local Govern- 
ment Board sanctioned the loan without any demur. The term of 
years fixed was ten for the posts and the fittings, and also for the 
services, although for services to ordinary consumers the term of 
years is fifteen, and used to be twenty-five. The conclusion I have 
come to is that the Local Government Board will sanction a scheme 
if it can be shown that it is a sound one and full details are supplied 
to them. 

The next point I should like to touch on is Mr. Harrison's standard 
of illumination, and I must say that it seems to me questionable if the 
minimum horizontal illumination should be the only point considered. 
Surely in a street one would not put a Bradshaw on the pavement to 
try and read the figures, one would hold it up in a vertical direction so 
that the rays of light would fall upon it. Ina street one wants to see 
the people moving about, and the rays of light striking a vertical 
surface would, I think, be a better standard to take. Then the minimum 
does not give sufficient information ; it is quite conceivable that a 
street might be lighted uniformly from one end to another with a line 
of small lamps arranged to give the minimum mentioned by the author 
with a diversity factor, as he calls it, of unity. I do notthink, however, 
that any one would consider a street lighted in this way to be as well 
lighted as if large flame lamps were arranged at intervals giving the 
same minimum in between the lamps, but with a much greater 
illumination nearer the posts. In the street lighted with the flame 
lamps it would be much easier to see anything moving at a distance 
than in the case mentioned with the uniform illumination from end to 
end. The other feature the author brings out in his paper is the 
immense advance that has been made in arc lighting by the invention 
of the enclosed flame arc lamp; both on the question of cost and 
on the question of candle-power it is far ahead of anything that 
has been done up to the present. Quite recently in Grimsby we 
took out the whole of the existing 12-ampere open-type arc lamps 
and substituted these enclosed flame arc lamps for them. The result 
is that we get five or six times the amount of light at a less cost. The 
cost works out at about £400 a mile for practically 4 miles of the 
principal streets, the lamps bcing 84 yards apart. The cost of the 
change, amounting to £700, was met out of revenue. The author 
makes many comparisons between tungsten lamps and old types of arc 
lamps, in all cases considering the minimum illumination only. This 
does not seem to me to be quite fair, as the tungsten lamp seems to be 
specially designed to give the illumination in the direction that Mr, 
Harrison wants it. I would suggest that a new lease of life might be 
given to some of the old open-type lamps if they were fitted with 
dioptric lenses, as this would bring the rays of light into the position 
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the author wants them, and by referring to Curve IV. it will be seen that М 


the arc lamp would then compare very favourably with the tungsten 
fittings. As regards the cost of running the arcs, I agree generally 
with the figures that Mr. Harrison has given, and would only point out 
that the reason for the large saving with the enclosed flame lamps as 
compared with the open type is that the carbons cost considerably less 
per hour, while owing to the long burning hours the cost of labour is 
very much reduced. 

Turning now to the tungsten lamps in use in Marylebone, I should 
like to ask why two lamps are fitted on every post. This may have 
been done so as to have one in reserve in case of failure, but of course 
it increases the cost of renewals. I should also like to know if there 
are any fuses except those at the top of the post. In Grimsby it was 
finally decided not to purchase the posts belonging to the Gas Company, 
as, unless we had depended solely on the fuses at the top of the posts, we 
should have had to build a pit in the pavement to contain a pair of cut-outs. 
The latter course was expensive, while the former was thought undesir- 
able owing to the danger, if posts were knocked down, of a cable con- 
nected solid to the mains being cut. The result was we purchased new 
posts, with fuses in the base, and fittings, the latter taking the form of 
swan necks with an inverted reflecting cone over thelamp. Onthat par- 
ticular point I might say that I think the author has made an excellent 
job of the alteration of the existing gas lamps at Marylebone, but after 
a great deal of consideration I have come to the conclusion that it is 
very difficult to design anything better than a lantern of this shape. 
When all is said and done, an electric lamp hung inside a gas lantern 
with four panes of glass and a white reflector kept nice and clean, is 
very hard to beat. In our town we have noticed that the same lamps 
arranged in pairs in a converted gas lantern look as if they were giving 
very much more candle-power than the same lamp hung under an 
inverted cone fitting. This is simply due to the reflection of the lamp 
in the glass and from the white top. That is a practical point which I 
think is well worth consideration. As regards the cost of the altera- 
tions, I see in Marylebone it amounted to £3 per post, which, I take it, 
includes the cost of the service and fitting up. This is, I think, a very 
fair figure. We have been doing it at something less in Grimsby 
where labour is probably cheaper, but of course we have had to bear 
in addition the cost of the new post, so that our total cost of post, 
fitting, wiring, and service amounts to something under £4 per post. 
As regards the cost of running, the figures given by the author seem to 
compare very favourably with what we have worked out, and the result 
is that the price received for energy in Grimsby comes to very much 
the same as in Marylebone. In Grimsby we are charging the same 
rate for the lamps as the Gas Company charged the Corporation for 
the gas lamps, and we have a nice margin, because та. per unit is quite 
a satisfactory figure for energy used for this purpose. 

Mr. A. P. TROTTER : There are three ways in which tbis subject 
may be studied : (1) By those in a laboratory, who can examine various 
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Mr. Trotter, kinds of lamps with a photometer ; (2) by those who can work in an 
armchair with a slide rule and tables, and make theoretical calculations ; 
and (3) by those who can tell us all about the cost, and that is what 
comes home to the engineer. We value this paper largely because it 
is so full of information that we cannot get in the laboratory and cannot 
get with a slide rule, but which we can get from a practical man like 
the author. The cost is, after all, that which determines the success of 
engineering undertakings. The diversity coefficient is one to which 
the direction of engineers will have to be given, when they deal with 
illumination, as carefully as to the diversity factor of supply. І ат not 
quite sure that I agree with Mr. Harrison when he speaks of that case 
of lighting in Baker Street, where if the lamps had been raised a little 
higher, the minimum illumination would have been raised and people 
would not have appreciated the light so much. That, I think, is 
because the lower diversity factor is appreciated more than the higher 
diversity factor. If we have a high diversity factor, a small illumina- 
tion, and a uniform one, it is not as useful as if the same total quantily 
of light were distributed with a moderate diversity factor, with a good 
deal of illumination in certain places and less light—not enough to read 
a Bradshaw by, perhaps—in others. It does not strike onc so at first. 
Thirty years ago I gave attention to this subject when arc lamps were 
coming іп, and we could not make one burn satisfactorily with less than 
9 amperes. There was a great deal of talk at that time about the sub- 
division of electric light, and the Swan lamp was hailed as a mode of 
sub-division of electric light. It seemed to me that the higher 
efficiency of an arc lamp as a light producer might be utilised by 
distributing the light instead of sub-dividing it, and at that time I 
invented what was known for some years as the Trotter dioptric 
globes. That fact has never been mentioned in this Institution, as far 
as I remember, during those thirty years till to-night. My dioptric 
globes have been forgotten by everybody. Naturally in an invention 
which was brought out twenty-eight years ago there was room for 
improvement during that time, and it has been improved. Most of 
us know the Holophane shades which are improvements in certain 
directions upon my own invention. I was trying to distribute the light, 
and these dioptric shades of Korting and Mathieson used by the Union 
Electric Company with Excello lamps are something like what I was 
doing. But minc were, I think, better, for I tried to avoid the glare 
spoken of, because I distributed the light horizontally as well as 
vertically. The mistake I made then was by trying to distribute the 
light strictly uniformly, which might have been done, but people did 
not want it. They want, I think, changes in their light. I think it is 
more convenient to bave a moderate diversity factor, and that will be a 
very important question to decide in the economy of lighting, because, 
given a certain minimum and a certain diversity factor, there is 
a good deal to be worked out by the engineer. You might have 
lamps of 4 c.p. placed, for example, 1 ft. high and r ft. apart, each 
giving a minimum horizontal illumination of ру of a foot-candle. 
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It sounds rather absurd, but I have seen lighting like that in 
the grounds of exhibitions. If this minimum of үу foot-candle is 
to be maintained with higher lamps, the candle-power must be 
increased as the square of the distances. With lamps ro ft. apart and 
то ft. high we want 52 c.p. ; with lamps 40 ft. high we shall want 
834 c.p.; with lamps 80 ft. high we shall want 3,350 c.p. to produce 
the same minimum illumination of ұу foot-candle. 80 ft. high you 
will say again is rather absurd, but it was used by Siemens in the 
City twenty-nine years ago. The lamps were put that distance apart to 
give the best light, namely, twice the square root of twice the height ; 
they were very well arranged, but they spread the illumination over too 
large an area, and that is one of the important questions to be con- 
sidered in regard to the height of lamps. You save in lamps and 
lamp-posts by using high posts; you can calculate a minimum ex- 
penditure with a certain number of lamps per mile and at a certain 
height, but if you use very tall lamps, unless you are lighting a very 
wide street, illumination is wasted on the buildings. It seems to me 
not a very difficult matter to light the large streets. We have good 
examples in London and elsewhere and on the Continent, but the 
problem of small streets is more difficult, and it is with regard to them 
that the figures given by Mr. Harrison are so useful. A great deal 
more skill is required to get good and sufficient illumination in side 
streets, and the metallic filament lamp no doubt makes this possible 
where before, with a carbon filament lamp, it was impossible. 

Mr. LEON GASTER: I am glad to see that Mr. Harrison, besides 
presenting useful data regarding the performances of various lamps, 
has also not forgotten to point out the need for care in selecting the 
best method of using them. In designing the lighting of a street, 
it is very desirable to bear in mind its nature, the kind of traffic, and 
the main purposes for which the thoroughfare is intended. From the 
earliest times the provision of illumination was connected with the 
duties of the police in maintaining order and suppressing crime. 
The recognition of the value of good illumination in this direction is 
fully shared by the police authorities of to-day and people in all countries. 
But in modern times, owing to the increase in vehicular traffic, there 
has arisen a new and somewhat distinct aspect of street lighting. 
During the last few years especially the nature of London traffic has 
radically altered, more particularly as regards the speed of motor- 
driven vehicles. One of the most important functions of street 
illumination now is to assist the police in the regulation of this traffic, 
and to enable pedestrians and vehicles to distinguish clearly approach- 
ing motor-cars, etc. Now, for this purpose, it must be realised that 
the production of a certain illumination over the roadway is not all 
that is wanted. It is also most essential that the lamps themselves 
should be so placed as not to dazzle and bewilder people by their 
brilliancy : the dazzling effect of injudiciously placed lights may, in 
extreme cases, go far to undo all the benefit which their improved 
illumination should secure. This fact has already been recognised by 
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the police authorities in the City of London by their recommendation 
regarding the screening of powerful lamps outside shop windows on 
the side facing the street, It is clear, therefore, that this second 
condition—that of facilitating traffic—also tends to make street 
illumination a matter of consequence to the police. It may also 
be conjectured that this question will be of interest to the newly 
created Traffic Board. Now, seeing that this illumination is provided 
very largely for the benefit of motor traffic, and that it has already been 
decided that the owners of motor-driven vehicles ought to contribute 
to the upkeep of the roadway, might it not be also suggested that the 
cost of providing this extra illumination should be partially defrayed 
from their contribution? Drivers and owners of motor-cars, I am 
confident, would welcome any attempt to improve the lighting from 
their standpoint, and would cheerfully pay something to secure really 
satisfactory conditions of illumination, not only for the main thorough- 
fares, but also for side streets which are now quite inadequately 
lighted. 

Having touched upon some of the main purposes of street lighting, 
I should like to say a word or two regarding the suggested standard 
lighting specification. It seems now to be generally recognised as 
desirable that an agreement on the subject of street lighting should 
contain some specific reference to the illumination provided, and that 
this should be checked by some form of photometric measurement. 
There has, however, until recently been great diversity of opinion as to 
the best method of testing. Different methods have been advocated 
by representatives of gas and electric lighting, and there has been 
much discussion as to whether measurements of illumination should 
be made in a vertical or horizontal plane, etc. It seems to me the 
time is now ripe for some attempt to secure agreement on some one 
system, and in this connection I should like to mention the precedent 
set by the Verband Deutscher Elektrotechniker, in Germany, who 
have appointed a photometric commission to inquire into this 
matter.* This commission recommended that measurements should 
invariably be made in a horizontal plane 1 metre above the ground, 
and that this same method should be used for general specifications 
both of interior and outdoor lighting. Moreover, the suggested basis of a 
specification on these lines has been submitted to the German Institute 
of Gas Engineers with a view to securing something that will be 
acceptable to both bodies, and will be adopted for common accepta- 
tion throughout Germany. I therefore welcome the suggestion of Mr. 
Sparks, that a committee should be appointed to discuss this matter, 
and I think that it might profitably include in the scope of its inquiry 
some investigation into the general objects of street lighting. I may 
add that,in order to be successful, this committee should be of a 
thoroughly representative character, and comprise gas engineers, elec- 
trical engineers, surveyors, and representatives of all those intimately 
concerned with street lighting. 


* IMluminaling Engineer, vol. 3, p. 403, 1910. 
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I have often pointed out the singularity of the conditions under 
which every borough adopts the method of lighting that pleases itself, 
so that London becomes a sort of laboratory for street lighting ; inde- 
pendent experiments are being constantly carried out, often leading to 
results which cannot readily be compared and from which it is difficult 
to draw any general conclusion. I have therefore advocated for some 
time past the placing of the street lighting under the control of a central 
authority, which is to treat this matter in the same way that water 
supply and sewage disposal are now dealt with. The tendency in this 
direction has been illustrated by the increased interest recently taken 
by the Local Government Board in street lighting, but I feel that if this 
body is going to deal with the matter it should provide itself with a special 
engineering staff and secure such representative and authoritative expert 
opinion as to entitle its directions to unqualified support. 

In conclusion, therefore, I wish to express my agreement with the 
suggestion of Mr. Sparks, and I hope that the contemplated committee 
will be in a position to deal impartially with those fundamental prob- 
lems of street lighting which are of interest to the gas and electrical 
engineer alike. I may add that during my recent visit to the Continent 
I found everywhere the impression prevailing that the objects and 
principles of street lighting had not yet been sufficiently discussed, and 
the conviction that a committee on the proper lines might do consider- 
able service. It 15 now recognised that good street illumination is what 
we pay for, but as to what this consists in we are not yet in complete 
accord. I may add that it has been our experience in the Illuminating 
Engineering Society that such knowledge can only be derived by the 
co-operation of those concerned with all the different aspects, physio- 
logical, architectural, and engineering, involved in these problems, and 
for this reason we are endeavouring to provide an impartial platform 
where representatives of all these different standpoints can meet 
together. Any assistance we can render in this matter, I have no 
doubt, will gladly be given by this Society. 

Mr. W. R. CooPER: I merely wish to call attention to one point to 
which Mr. Kenelm Edgcumbe referred elsewhere some time ago. Ifa 
lamp is fitted with a reflector, or particularly if it is placed in a dioptric 
globe, the term “ candle-power " as usually defined does not apply until 
the photometer is beyond a certain distance from the source. The 
reason for this is that the rays no longer emanate from a point, and the 
inverse square law does not hold. An extreme case of this is the pro- 
jector, or lighthouse, throwing a parallel beam ; such sources have often 
been spoken of as giving millions of candle-power, which is absurd, 
because the value obtained will vary according to the distance the 
observer is away from the sourcc. As to whether there is an appre- 
ciable error in measuring, say, the Union lamp with clear dioptric globe 
in street measurements I do not know, but I think it would be well to 
decide the point experimentally, as specifications dependent on candle- 
power measurements are coming into fashion. I should like to know 
if Mr. Harrison has measured the candle-power in such a case by two 


Mr. Gaster. 


Mr. Cooper. 


Mr Cooper. 


Mr. Shaw. 


58 HARRISON: STREET LIGHTING (Nov. 24th, 


photometers at different distances along the same ray as nearly simul- 
taneously as possible, such distances being the shortest and longest 
limits that would be usually employed, and has obtained practically 
the same candle-power. 

I am sorry that Mr. Harrison has introduced the term “diversity 
factor." Could not another term be found, considering that this one 
already has an acknowledged meaning? If not we shall have illu- 
minating engineers striving for a small diversity factor, and supply 
engincers for a large one, which is rather absurd. 

Mr. C. M.SHAW: On page 25 the author mentions that in Marylebone 
the old lanterns were adapted. In Worcester we have tried almost 
every type of lantern over a period of 10 or 12 years, and I 
arrived at the opinion that it was far wiser to scrap every one of them 
and have no glass protection at all. In these days of motor-cars, when 
the dust on the roads is excessive, the glass lanterns soon look very dull. 
With regard to Mr. Vignoles' remark that external glass increases the 
light, it certainly appears to do so for about a day, but this effect soon 
dies off. The unnecessary expenditure incurred for cleaning might be 
used to better advantage in increasing the power of the light. With 
regard to the price at Marylebone, we have to quote a very much 
lower price than £3 15s. per post in the provinces to make great progress 
in beating gas competition. On page 29 the figure of £204 is mentioned 
as the charge for side-street lighting. I wish we couid get that amount 
in the provinces. I am very satisfied if I get £120. On page 33 
the author mentions that the tungsten lamps give a better result at 
a lower cost than the ordinary open type of arc lamps. I have found 
that to be correct, and am throwing out every one of our open-type 
arc lamps as fast as I can. ‘There is another system I have not 
heard mentioned in the discussion nor in the paper, for lighting streets 
where no mains exist. In Worcester during the past twelve months 
we have carried outa scheme, using overhead wires, affixed to the tram- 
way poles, with double-arm brackets on cach pole to contain two 
35-c.p., two 50-c.p. ог two roo-c.p. lamps according to the import- 
ance of the street. The standard annual inclusive charge for all 
candle-powers is £2 18s. 6d., ог £117 a mile. The cost of fitting up 
equipment, including brackets, insulators, three wires to enable half 
the lights to be extinguished at midnight, time-clock switch, and the 
first charge of metal lamps works out at £195 per mile, which 
expenditure is debited to revenue account, thus avoiding the trouble 
of applying to the Local Government Board for loans. These lamps 
are fixed 16 ft. from the ground. There is not the slightest glare, 
and we get almost perfect illumination along on the street surface. І 
may say that the citizens are extremely pleased with the arrangement 
and want the system extended. 

Communicaled : With respect to the remarks made by Mr. Trotter 
as to placing modern types of arc lamps at greater heights than obtain 
at the present time, he stated that it might Ье advisable to fix them 
even at a height of 8o ft. During my recent visit to America, I noticed 
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at Detroit that бо lamp towers were in use, and as far as I can remember, 
three or four enclosed arcs were fixed in each tower at a height of 
about 120 ft. from the ground. The arca of ground lighted by this 
method was large ; the effect, however, was not as good as that wbich 
might be expected from flame lamps, which should give an extremely 
effective illumination. 

Professor J. T. MonRnis : This paper is one which is bristling with 
points that one would like to discuss. As time is short, I propose to 
confine my remarks entirelv to the subject of diminishing the glare 
from lamps. It is an open question whether when one looks along 
a well-lighted street, the actual sources of light should or should not be 
visible. I think that most people who have to pay for the lighting 
of the streets would say that they should be visible, and that it gives 
a more decorative effect. On the other hand, I believe that if the 
street lighting is done not for decorative effect, but with the object of 
enabling pedestrians and drivers of vehicles to see clearly, then it is 
unwise to have the sources of light visible when one looks along the 
street horizontally. Therefore I submit that if what we want to do is 
to light the streets well without regard to decorative effect, the lamps, 
at any rate, ought to be screened down to between то? to 15° below the 
horizontal. If we are lighting the outskirts of a village, where lamps 
are used, as Mr. Sweet calls it, as “street markers," and placed so that 
onc just loses the light from one lamp before catching the light from 
the next one, then they undoubtedly should be visible. Passing to the 
subject of the best way of diminishing the glare from lamps, I have 
often had occasion to notice in the streets of Marylebone the diminu- 
tion of glare resulting from the use of two bright white curved surfaces 
above the lamp. In order to test this matter, and to try to get at the 
reason why this does diminish the glare, I made two or three experi- 
ments on the measurement of the size of the pupil of the eye when 
inspecting a lamp under three conditions : First of all looking straight 
at a tungsten lamp with a clear bulb at a distance of то ft. ; next, 
putting a mirror behind it so that the reflection of the lamp in the 
mirror as well as the lamp itself is scen ; and, thirdly, removing the 
mirror and putting a sheet of white paper behind the lamp. The two 
people who were experimented on both said that when the white paper 
was behind the lamp it was undoubtedly more restful to look at than 
in the other two cases, although the addition of the white paper con- 
siderably increased the light falling on the observer. The mean of 
a number of measurements of the area of the pupil of the eye of the 
two observers gave the following results: With the naked light the 
area of the pupil was taken as 100 per cent. When the mirror was 
placed behind, then the pupil contracted to 85 рег cent., i.c., 15 per 
cent. of the area was cut off, but when the white paper was put bchind, 
instead of contracting, the pupil expanded, so that the arca increased 
to 110 per cent. The remarkable fact brought out by these experi- 
ments is that though the illumination received at the eye is about the 
same in the two cases of the mirror and the white paper respectively, 
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yet the pupil of the eye is larger by 25 per cent. when the white paper 
is used ; therefore the latter form of illumination is more useful, and, at 
the same time, more restful. To sum up, it would appear that sudden 
changes in illumination are not only bad in time but also in space. 

Mr. С. NEWTON RUSSELL : I think this will prove to be one of the 
most useful papers to Borough engineers that we have had at this 
Institution for a long time. I do not propose to take much of your 
time this evening, as I have not had the opportunity of going through 
the paper as carefully as I should have liked. So far as working at 
Shoreditch is concerned, where we have 5o miles of streets, 8 of 
which are illuminated by the open type of arc lamps, the remainder 
have hitherto been lighted by gas lamps with incandescent mantles. 
We carried out some experiments about a year ago to see if we could 
do something in the same direction as Marylebone, and after thoroughly 
demonstrating the matter to my Committee, they were impressed with 
the figures put before them, and we have now started to clear the gas 
out altogether. We have changed between 300 and Доо lamps, re- 
placing the gas mantles by 50-c.p. and 100-c.p, metallic filament lamps. 
We find that we get a better light and save the Council money, and 
also do some good to the generating station. We are accumulating a 
certain amount of data with regard to the useful life of these lamps, 
and other matters which are of very great practical value. The average 
life of the metallic filament lamps in this district is at present 950 hours. 
This is rather a shorter life than is obtained in other parts, and may be 
accounted for by the heavy traffic in this district. 

Mr. KENELM EDGCUMBE: Most of the points I had intended to 
raise have been already much better dealt with by other speakers. I 
should like, therefore, only to emphasise the importance that I feel at- 
taches to the drawing up of a satisfactory specification for street lighting. 
Mr. Sparks has proposed that the Institution should appoint a Com- 
mittee to consider the question, and I was actually going to make the 
same proposal. І can only hope that the Council will see their way to 
carrying out the suggestion. It seemsto methat they would in that way be 
assisting the lighting industry almost more than in any other. The only 
point I am a little doubtful about isas to whether it would be altogether 
politic for this Institution to do it by themselves without inviting repre- 
sentatives from the gas industry, and possibly from among the surveyors 
as well, to co-operate with them. 

Mr. Н. L. P. Boot: I have read through the paper with great 
interest. Fourteen years ago Tunbridge Wells was one of the pioneers 
in street lighting, and then used a formula which I have looked for 
in vain in this paper, namely, “опе arc lamp equals one policeman.” 
There is one point mentioned in the paper to which I would like atten- 
tion given, and that is the question of side-street lighting by hanging 
the lamps in the centre. I cannot help thinking that in side streets, 
which are always very narrow, it would be possible to design some sort 
of an arrangement by which the light was hung in the centre instead 
of close up against a building. No doubt the author, with his ingenuity, 
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will bring out some fittings suitable for this purpose. Another point Mr. Boot. 
he mentions—and I think this is a point which settles whether we are 
going to have street electric lighting or not, because the gas companies 
are going ahead very quickly—is the question of the cost of electrical 
energy. It has always appeared to me, where I have gone through 
estimates, especially those estimates which have been severely criticised 
by a certain Local Government Board inspector, that the price put 
down for the cost of electrical energy is certainly too high. Central 
station engineers will bear me out when I say that having got the 
plant and everything running, to add a very slight additional load, 
and a load which gives very nearly 40 per cent. load factor, the cost 
of generating that energy is infinitesimal. Instead of coming out con- 
siderably over 14d.—a price which I have often heard stated—from 
actual tests I have made, where I have allocated boilers and everything 
else specially to the purpose, the price comes out at very little over 
4d. per unit, and that is not in large, but in small towns. Опе of the 
great reasons at the present day which prevent the adoption of street 
lighting is the cost of the metallic filament lamp. I do ask the lamp- 
makers, if they are anxious to see public street lighting throughout the 
country, to consider some method by which they can produce a metallic 
filament lamp at a reasonable price, because as soon as the price comes 
down within reason, there is no doubt at all that electric street lighting 
should be adopted as the most economical lighting for all side streets. 
А short time ago we were in trouble in a little city which I am advising, 
because we were given the option of taking over the lighting contract 
on condition that we were prepared to light the entire city. "This 
naturally meant a very heavy expenditure on cables. But fortunately 
the Board were wise enough to face that expenditure, with the result 
that they have secured a contract for five years for lighting every single 
gas lamp or other public light in the city. Before the mains were 
finished we had this additional advantage, that consumers have been 
coming on all along the routes, so that it will already, without any 
public lighting, more than amply repay us for our progressive 
action. 

Mr. J. S. Dow: It is satisfactory to observe that Mr. Harrison lays Mr. Dow. 
stress on the fact that uniform distribution of illumination alone does 
not constitute effective street lighting. The effect on the eye of the 
sources of light used is possibly as important a matter as is the uni- 
formity of illumination on the pavement, and it seems likely that in 
future discussions, even more importance will be attached to the 
effects of “glare” than at present. It seems that in lighting a street it 
is almost always necessary to effect a compromise between these two 
things. The very rays which are essential to the production of good 
illumination at the parts of the pavement most remote from the lamp 
are also those which are apt to be most troublesome to the pedestrian, 
since they fall in line with his normal direction of vision ; prismatic 
globes intended to secure uniform illumination by spreading out the 
light sideways should therefore also be carefully designed to avoid 
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glare. In the paper by Mr. Sweet to which Mr. Harrison refers an 
attempt is made to show how these two conditions can be reconciled. 
It is suggested that the ratio between the distance apart of two lamps 
and the height of the source above the pavement should not exceed 
4:1. Itis also pointed out thatirays which strike the eye at compara- 
tively oblique angles produce a relatively slight impression of glare ; 
Mr. Sweet therefore advocates that the direct rays from the source 
should not strike the eye at angles with the vertical of more than 60°. 
Curiously enough, this is in exact accordance with the recommenda. 
tion of Professor L. Weber, of Kiel (made, I believe, quite inde- 
pendently) regarding interior lighting. Nevertheless, this is again 
merely a compromise, and it is conceivable that in the future it will 
be recognised to be well worth while to sacrifice a fair amount of light 
in order to tone down the intrinsic brilliancy of sources and to secure 
the gain in effectiveness following complete absence of dazzle. 

There is another possible method of reducing the tendency to 
glare, and so producing external conditions of illumination more 
closely resembling those in interiors. The dazzling effect of street 
lamps is largely a matter of contrast ; the lamps themselves do not 
appear nearly such brilliant objects when seen burning in the daytime, 
chiefly because the brightness of the surroundings is so much higher. 
People who have not made actual measurements would hardly credit 
the brilliancy of even darkly tinted surfaces during the daytime. By 
means of this little instrument (exhibited) I have been making some 
measurements of the brightness of various surfaces in the streets of 
London. I have also measured the brightness of the illuminated frieze 
which supplies the light to this lecture theatre—at the centre it is 
about 5 candle-ft. Yet, as a matter of fact, the sooty exteriors of 
buildings, monuments such as Nelson's Column, dark trunks of trees, 
etc., are, under average daylight conditions, often far brighter than this, 
although they strike us as relatively dark objects. However, most of 
these surfaces reflect so little light that it is difficult to make a street 
appear really well illuminated at night however much light is lavished 
upon it. Occasionally in the case of new buildings which are light 
in tint we do encounter surfaces which reflect a moderate amount of 
light, and the improvement in the appearance of the street is imme- 
diately apparent. I have found surfaces of this nature having a bright- 
ness as high as 1 candle-ft. ; when it is recalled that the brightness of 
the frieze in this theatre is only 5 to 1o candle-ft. (about), it can readily 
be seen that a large building having this degree of brightness is not 
to be despised as a means of illumination. It may be suggested, there- 
fore, that street lighting would be given a much better chance if some 
means were found of increasing the number of light surfaces and so 
producing a moderate general illumination. The same effect would 
be aided by encouraging private local illumination by mildly illu- 
minated signs and advertisements, and by the effective illumination 
of the exteriors of attractive public buildings, etc. If the many places 
of entertainment which at present merely suspend flame arc lamps 
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immediately above the pavement could be induced to use this light 
in the more reasonable form of an illuminated inscription or frieze, both 
they and the public would probably benefit. It may be suggested, in 
short, that it is worth while to pay a little more attention to the nature 
of the surfaces illuminated and not to concentrate attention only on 
the sources of light and their arrangement. Professor Weber has sug- 
gested that in order to avoid dazzle we should endeavour to tone down 
the brightness of surfaces so that the ratio of their intrinsic brilliancy 
to that of the illuminated surroundings does not exceed 100:1. In 
the same way a certain minimum contrast seems necessary, for it is 
naturally difficult to render objects distinguishable from each other 
which have approximately the same colour and the same reflecting 
power. For example, whitening the edge of a railway platform, and 
thus increasing its contrast with the rail-bed, may be a vastly more 
effective means of showing passengers where the platform ends than 
doubling the illumination would be. 

In conclusion, I should like to echo Mr. Gaster's expression of satis- 
faction with the suggestion that a committee should be appointed to 
deal with street lighting and its problems on impartial lines. The 
Iluminating Engineering Society has laid stress on the fact that there 
are many problems of this nature which are of common interest to 
all those concerned with street lighting, and I feel sure that this 
Society and their hon. secretary would be only too glad to give support 
to the proposal and assist in securing a committee of the desired 
representative nature. 

Mr. S. E. FEDDEN (communicated): With regard to the position of 
the posts as referred to on page 24, my experience is that the 
determining factor in choosing the position of the posts is not so much 
one of least disturbance to individuals as the necessity of meeting 
police requirements. Referring to the retention of the existing lanterns, 
as mentioned on page 25, the size of the lanterns must be taken into 
consideration on account of the labour necessary for their cleaning ; 
this, in the case of the conversion of a 3- or 4-light burner being con- 
siderable. On page 26 mention is made that the capital expenditure 
worked out at less than £3 per post. I should like to have particulars 
as to the class of cable used, reinstatement charges, and also whether 
switches or fuses were included in the fittings. Аз regards the details 
of the tender of the electricity department mentioned lower down on 
page 26, it would prove interesting if the author could give correspond- 
ing figures for gas, so as to show where the principal saving was 
effected. In the absence of these figures I have calculated the number 
of units consumed per hour as 1,870. This gives the lighting hours as 
approximately 3,570 per annum, which gives no margin for operation 
by hand. Were automatic switches used, and was the saving prin- 
cipally effected by the reduction of the burning hours? Also, what 
was the price of gas? "Turning to the second table on page 27, I 
should like to know how much the charges for B and C have been 
reduced. 
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Mr. Јонх D. MACKENZIE (communicated) : In the table on page 28, 
giving the candle-power of the gas mantles in the original posts as 
compared with the candle-power of the tungsten lamps now installed, 
can the author inform me at what angle the candle-power given—viz., 
45 c.p. and 76 c.p.—was obtained? I presume that the 20° and 10° 
mentioned are from the horizontal. I should also like to know how 
dirt affects the illumination given by the Marylebone reflectors, and 
how much attention is required to keep these reflectors clean. Can 
the author give us any information as to the comparative cost of 
(1) upkeep of gas mantles as compared with tungsten lamp renewals, 
and (2) cleaning and repairs of gas mantles as against electric tungs- 
ten lamps? I am interested in the author's conclusion that small 
lighting units placed at moderate heights and spacing give a more 
uniform illumination. Personally, I think that a great deal of harm is 
done by the use of high candle-power units placed large distances 
apart ; the disproportion between maximum and minimum illumina- 
tion is so apparent, and gives such a very patchy appearance to the 
street lighting. The only objection I see to the use of small light 
sources is that such very intense illuminating sources are used in shop- 
front lighting, and unless a certain proportion exists between the 
candle-power of the private and public lighting units, the former may 
completely dwarf the latter. Speaking of arc lamps for use outside 
shop-fronts, I am pleased that the increased use of flame lamps with the 
larger globe, and consequently softer lighting effect, has to a great 
extent displaced the single enclosed arc lamp with its very small and 
intensely brilliant opalescent globe. I think there was nothing more 
trying to the eyesight than this light source. 

Mr. F. PEAKE SEXTON (communicated): 1 should like to point out 
the importance of the practical determination of candle-power—in 
contradistinction to its theoretical calculation—in all systems of illumi- 
nation both exterior and interior. It is ten years since I first con- 
sidered this question, at which time I had the pleasure of working with 
Mr. Harrison, and although my experience is not as extended as that 
of several of the members of this Institution, I think that I can realise 
the good work that Mr. Harrison and others are doing by their untiring 
use of the photometer. Photometry rests on the fundamental inverse 
square law—a fairly exact principle, if applied to an isolated light - 
devoid of globes, but when an attempt is made to apply this simple 
law to the complication of a dioptric arc or Holophane reflector, the 
principle naturally fails, and the pure calculator is led into hopeless 
errors. In modern illumination I might say it is almost always impos- 
sible to calculate the -candle-power at a distance суеп if the local 
effects of surfaces near the photometer are eliminated. Although this 
point is becoming more clearly recognised, I noticed that it was not 
fully appreciated during the discussion following the reading of this 
paper. I would urge the Council to propose a standard specification 
for street lighting, as there is no doubt, to my mind, that the electrician 
is more often an Jexpert in illumination than the gas engineer. The 


1910.] BY MODERN ELECTRIC LAMPS: DISCUSSION. 65 


proposal that several speakers raised with reference to the fixing of a Mr. Sexton. 
ratio between rays at different angles is hardly sufficient, unless the 
distance from the source is specified in both cases; but I need not 
labour this point after what I have said above. In conclusion, I 
press the point that all calculations should be only accessories to the 
photometer, and certainly not independent of its use. 

Mr. H. D. WILKINSON (communicated) : The author has placed at tins 
the disposal of members in this very welcome and able paper first-hand 
information of the costs of gas and electricity in street lighting which 
will be of considerable assistance to those who have street-lighting 
problems before them. With reference to the effect of height of 
lamps on horizontal illumination dealt with on page 42, I think a point 
not touched upon in the discussion is the fact that if the minimum 
horizontal illumination is increased by placing lamps higher without 
increase of candle-power, the illumination from the vertical rays is 
reduced. The cosine factor ceases to be dominant inside a radius of 
about 20 ft. from the lamp at heights exceeding 10 ft.—that is to say, 
as {һе height is increased the illumination falls off in the inverse square 
of the lamp distance to a greater extent than it gains by the cosine 
factor. For the same reason the gain of 50 per cent. minimum hori- 
zontal illumination in the Baker Street lamps by raising them 8 ft., as 
suggested in the paper, would be counteracted by a loss of horizontal 
illumination inside a radius of about 25 ft. from the posts. Taking 
account of the characteristic А in Curve VI., it would appear that this 
loss would amount to 40 per cent. at about 15 ft. radius, which would 
be a distinct disadvantage, particularly at corner posts where the 
lighting of the roadway depends upon the maximum illumination. 
Posts are usually set near the corners of side streets to give this 
special lighting, and the object would not be attained if the maximum 
illumination was sacrificed to obtain uniformity. This explains and 
supports the author's suggestion in the paper, that a perfectly uniform 
horizontal illumination is not ideal, and does not correctly meet the 
conditions in practice. On the other hand, with flame arcs the illumi- 
nation ratio is so high that every means must be taken to raise the 
minimum to a satisfactory amount. In the tests on flame arcs in 
Cannon Street and Holborn carried out 2} years ago by Mr. A. A. 
Voysey, the electrical engineer to the City Corporation, o'1 candle-ft. 
was found to be the minimum illumination for satisfactory lighting of 
busy main streets, and this is now considerably exceeded in the Cheap- 
side lighting alluded to by Mr. Frank Bailey. Тһе scheme for the 
City recommended by Mr. Voysey, on which he estimated at that time 
a saving of £6,000 per annum over gas with double the illumination, 
appears to be well in progress, and considered with the more recent 
lighting by tungsten lamps in Marylebone and Croydon effected so 
successfully under the author's guidance, there should soon result a 
desire amongst other municipalities to make a similar advance. 

On the subject of height and spacing Curve V. is very instructive, 
but would appear to be based on an impracticably high candle-power 
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at the lamps. Taking into account the combination of rays from two 
consecutive lamps at the position midway between them, as in the 
figures given in Table VI., the 2-caudle-ft. illumination in the top 
curve for 40 yards spacing would appear to require lamps giving 
10,000 c.p. It would render these curves more useful if they were 
modified for lamps of 2,000 or 4,000 c.p. within the limit of 27° from 
the horizontal dealt with. For instance, lamps spaced 4o yards and 
fixed at 30 ft. height would give a minimum horizontal illumination of 
o*4 candle-ft. if the rays at this angle were taken at the more practical 
figure of 2,000 c.p. On the question of flame-lamp globes I recently 
took a set of observations, using the author's photometer with inclined 
flicker disc, on a ro-ampere alternating-current Beck flame lamp with 
opalescent globe, suspended at heights up to 27 ft. in the open. The 
rays at horizontal angles under 30° came out less, and those above 30° 
higher in candle-power than shown in profile C of Curve III., and the 
mean hemispherical candle-power also was less. Perhaps the author 
would tell us whether the observations in the curve were on direct- 
current or alternating-current lamps, and if the latter, whether the 
difference in profile could be accounted for by a different degree of 
opalescence in the globc. 

Mr. E. KILBURN Scorr (communicated): Posts in the centre of a 
strcet, especially where there are tramways, are exceedingly dangerous 
owing to the possibility of passengers jumping from the off-side of 
the cars. Great George Street, Sydney, used to be lighted in this way, 
but all the posts have now been removed as being too dangerous. 
When there are buildings along the streets to which brackets can be 
directly attached, what is the use of having either posts or span wires? 
The latter are nearly as objectionable as posts because of their inter- 
ference with the free movement of fire escapes, and the ragged 
appearance of the hanging cable that carries current to the arc lamps. 
In iny opinion brackets attached to the buildings, having arcs for the 
widest streets and metal filament lamps for the medium and narrow 
streets, would make the best job. It would be no hardship to the 
owners and occupiers of buildings, because rosettes are now fixed on 
the walls or else posts are placed close up to the buildings. Further, I 
propose that behind each lamp there should be a white reflector, or 
else the wall of the building be painted a light colour. Inthis way the 
light would be thrown forward into the street. On this reflector there 
should be the name of the street, the number of the building to which 
the bracket is attached, and also, if sufficiently important, the name of 
the building. Strangers would thus be able to find their way about at 
night just as easily as by day, which is not the case at present. I take 
more than ordinary interest in the question of street lighting of 
London because I am one of the many victims of the present bad 
lighting combined with high-speed taxi-cab driving. In the Strand, 
Holborn, Qucen Victoria Street, and Embankment there has been 
some little improvement, but the lighting in what may be called the 
main east and west arterics of London is still far from what it should 
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be. This is especially noticeable round about the island churches of 
the Strand. 

An interesting development in the improvement of street lighting 
is now taking place in Bromley, Kent. Both the gas and the elec- 
tricity supply are in the hands of companies, and the municipality has 
a contract with the gas company for lighting the streets. The trades- 
people in the High Street have been dissatisfied for some time, and 
they have at last taken the matter into their own hands and arranged 
a contract with the electric light company for arc lamps. А com- 
mittee of tradespeople is managing the whole business. They have 
obtained permission for rosettes to be fixed to the buildings, and are 
allocating the initial and the running expense to the various shop- 
keepers who are benefited by the improvement. 

Not to be beaten, the gas company has come to a somewhat similar 
arrangement with the shopkeepers in the Broadway, Bromley, and high- 
pressure gas lamps are to be installed. It may be of some interest to 
mention that the lighting of main shopping streets in warm climates 
is somewhat difficult because of the very wide permanent verandahs 
that come right down to the kerb. There is much promenading in the 
evening under such verandahs, and the lights have therefore to be 
underneath. In Melbourne arcs are used, and the effect is very brilliant, 
almost blinding ; the arcs are necessarily low down. Everything points 
to the need for some tube system being brought out to meet this special 
case. A line of light along the edge of the verandah, which would 
light the causeway as well as part of the roadway, should be very 
effective. 

Mr. E. P. HOLLIS (communicated): Despite the long discussion to 
which the subject of street lighting has of late been subjected, no one 
in this country appears yet to have attempted to reason out the basis on 
which a street-lighting specification should be prepared. That we should 
establish some definite basis is apparent, for in future the majority 
of street-lighting contracts will be let on tenders to a photometric test. 
It is not always that the task of preparing a specification falls to the 
expert illuminating engineer. In the future it will often fall on some 
non-technical person, such as the borough surveyor. Holborn is a 
case in point. If such a person were at this moment called upon to 
perform this duty he would look round in vain for material to assist 
him. So far as I am aware, only one specification on a photometric 
basis—that for Westminster—has been put into force in this country. 
In considering this question it is well to remember that there is a class 
of persons who openly scoff at the idea of subjecting street lighting to 
a photometric test at all. They base their opinions on facts that cannot 
be refuted. They point out that in many instances lamps are situated 
in positions dictated by other than photometric considerations : lamps 
are put at street corners, in already existing gas lamps and various 
irregular positions, so that all attempts to obtain accurate illuminating 
effects are a waste of time. 

The question I propose to discuss js: On what should a street- 
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lighting specification be based—on candle-power, on illumination, 
or on surface brightness? It will be convenient to take surface 
brightness first. Surface brightness is what we want, and, if it were 
possible, surface brightness would constitute the ideal basis. Unfor- 
tunately there are many things which militate against it. It is 
extremely variable, according to the object on which the illumination 
falls and according to the condition of the weather. The difference 
between the brightness of a white object and of a dark object subjected 
to the same illumination is so enormous as to preclude any attempt to 
adopt surface brightness as the basis. Besides, what an enormous 
divergence there is in the views held as to the object on which the 
test should be taken! Some people demand illumination sufficiently 
good to pick up a pin ; in that case it is the brightness of the road that 
matters. Others want to read a newspaper or look at a watch, but the 
illumination which would suffice to do either of these two things might 
not satisfy the man who wanted to pick up a рїп. And there are many 
other views; but whilst surface brightness is the test for many indoor 
lighting purposes, in a street lighting specification it isimpossible. That 
brings me to the question of illumination. 

Illumination is, as it were, the raw material from which surface 
brightness is produced, and is the only criterion, excepting surface 
brightness—which I have just rejected—by which we can judge 
whether a street or an object is suitably lighted. It would be possible 
for any one to specify the minimum and maximum illumination for 
a street, and leave everything to the suppliers of the energy. It is left 
for them to instal what units they liked, to space them how they liked, 
to employ whatever reflectors they see fit, and to place the units at any 
height they pleased. That means that plenty of room is left for enter- 
prise. Some one might propose to sling small units centrally across 
the street. Why should they not? But they could not do it if a high 
candle-power unit were specified. There is, however, one great draw- 
back to illumination as a basis. Whatever that basis may be, it must 
be possible to go to the contractor and say, “ Your light was low last 
night. You must pay the prescribed penalty." That, of course, is the 
whole object of the specification. But if the contractor can reject the 
tests on the ground that their accuracy was open to question, then that 
basis is quite useless. As things stand at present, illumination cannot 
be measured sufficiently accurately and with reliability by a casual 
test working with ordinary apparatus under street conditions. On an 
illumination basis the contractor could justifiably reject unfavourable 
illumination tests unless he had been personally present, and was 
satisfied that the accuracy of the testing apparatus was above suspicion. 
On this ground illumination must be rejected as an ideal basis. 

Coming to the remaining basis of candle-power, it will be re- 
membered that the Westminster contract was based, or was supposed 
to be based, on candle-power. It was prepared on the assumption, 
now known to be without foundation, that the candle-powers 
measured at angles of 20° and go? to the horizontal afforded some 
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criterion of the mean hemispherical candle-power. Now, even if they 
did, the mean hemispherical candle-power of a unit does not give us 
the slightest idea of how that unit would distribute its light along the 
street, so that on that basis alone candle-power must be unhesitatingly 
rejected as being far inferior to illumination. Again, to specify candle- 
power involves the draughtsman of the specification in a large amount 
of consulting work. He has to decide upon a surface brightness, then 
upon the illumination to produce it, following which he has to juggle 
with the height of the lamps, their distance apart, and the angle of their 
maximum candle-power before he can finally decide upon what mean 
hemispherical candle-power he thinks he would like. Even then he 
hardly knows what he is getting. 

Supposing that mean hemispherical candle-power be specified, 
there is no practical method of measuring it in the street and no sug- 
gestion of a method has ever stood criticism. It would seem, then, 
that candle-power as a basis is hopeless. It has, however, one re- 
deeming feature ; the candle-power of a lamp at a particular angle 
can be measured with extreme accuracy, and this fact provides us with 
what is, in my opinion, the only basis on which a specification cau be pre- 
pared. I suggest that a minimum horizontal illumination be specified, 
and, on a suitable night, when the test is to be taken on which the 
acceptance or rejection of the installation depends, the position and 
value of the minimum horizontal illumination between two lamps be 
accuratcly determined. It would be possible under such conditions to 
measure the illumination with great accuracy if a suitable illuminometer 
were used. Having determined the value of that minimum illumination 
and its position, turn a photometer on to each of the two lamps and 
measure their candle-power and the angle to the lamps on either side 
of the spot. Having once determined those two quantities—the angle 
to the lamp and the candle-power at that angle—it would be possible 
to come back every night and by taking two simple candle-power 
readings, ic, by measuring the candle-power of each lamp at its 
particular angle from the same position, to determine with the greatest 
accuracy in a few seconds whether the illumination was up to specifi- 
cation ; for the candle-powers at these angles would provide a con- 
tinuous criterion of the performance of the lamp. It is only on such 
a basis, in my opinion, that a satisfactory specification could be based. 
Of course, should the illumination found on the test-night exceed that 
specified, then a suitable reduction in the candle-power demanded 
would be made: 

At the present stage of the development of lamps and reflectors it 
would be rather difficult to specify a diversity factor, for although in 
theory we can calculate from the polar curve of a good lamp a diversity 
factor of 3 or 4, in practice the reflection from the walls and buildings 
in the vicinity of the lamp greatly increases the illumination in those 
parts. 
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DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION. 
(November 22, 1910.) 


Mr. S. L. PEARCE : By way of criticism there is very little that I 
wish to say, as I almost entirely agree with the whole of the subject 
matter before us. There are one or two points, however, that I would 
like a further explanation upon by the author of the paper. On 
the bottom of page 24, Mr. Harrison quotes a statement made by 
Dr. Louis Bell before the Illuminating Society of America, namely : 
"Street lighting has been a growth and an evolution, but like all 
growths it has proceeded to a certain extent along the lines of least 
resistance ; lamps were put, not in the best places for them, but where 
they could be put in with the least disturbance to individuals." 
I simply wish to endorse that, and fully agree with it. As is so 
often the case, engineers are not always allowed to choose the best 
positions for their lamps. For instance, lamps have to be placcd at 
street corners to allow for illumination down the side streets. In that 
case the illumination of the main thoroughfares becomes somewhat 
uneven if the lamps are of uniform candle-power. On the middle of 
page 25 Mr. Harrison describes the method of having two Osram lamps 
in series in the lanterns. The advisability of having two lamps in 
series is, I think, a little doubtful, because if one goes, there is then no 
light. They took special precautions at Marylebone by adopting the 
anti-vibration suspension. I think they could just as well have used 
the ordinary 230-volt lamps in parallel. I believe that is done at 
Eccles, but as Mr. Angus is present, perhaps he will explain. I am 
sure that all who have seen the Marylebone lighting will agree that 
it has a most excellent effect, and the author is to be con- 
gratulated for his share in securing that desirable end. On page 20 I 
am not quite clear as to Marylebone's treatment of these charges. 
Mention is made that in one district no existing distributors were 
available, and therefore new ducts and mains had to be laid. I 
presume there he refers to new distributing mains. He statesa few 
lines further down, “ £1,640 would still be available for electric supply 
if the existing gas rate were still charged for lighting." I do not quite 
see why it should be. Mr. Harrison states that the allocation of capital 
charges on mains is a very difficult matter. I do not see why. It is 
casy to ascertain what the relative demand is ou the mains. I suggest 
that the amounts on public and private lighting be allocated in 
accordance with the respective demands on the main. 

There isonc line on page 27 which I must confess I do not like at all, 
namely ; “ This figure was not arrived at with any idea of the cost to 
the electricity department.” I rather suggest that that is the kind of 
matter the editor of the Gas Journal would like to get hold of. On 
page 38 a method is indicated for arriving at street.lighting costs. 
The allocation as between standing and running charges is quite simple 
to do, and I suggest that there should be no difficulty in arriving at 
what the true cost is. From the author's paper it reads as if the 
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Marylebone authorities had settled in their minds on a lump sum for 
the whole contract. Items of capital charges on services and on the 
electric-light fittings are deducted, and that gives you a certain balance 
which represents the inclusive cost per unit. I venture to suggest 
that is putting the cart before the horse, and I can hardly suppose 
this to be an actual statement of fact. In the middle paragraph 
on page 27 it states: “ £1,170 per annum for repayment of cost of 
services, etc., the cost of the repayment of the clectric fittings being 
already allowed for ; this will easily wipe off the cost of the services in 
five years ; therefore if a 10- or 15-year loan had been arranged the 
price per unit could have been reduced to та. per unit.” I do not 
see there any reference to capital charges on the distributors. It is 
capable of more explanation. On the bottom of page 29 there isa very 
important paragraph stating that arc lamp makers are improving their 
lamps. There is no doubt that any one testing modern flame lamps 
knows that the distribution is very unsatisfactory : there is a brilliant 
glare at the base of the post, and a very rapid diminution of illumina- 
tion as the distance from the post increases; and I hope that the 
lamp makers will turn their attention to this most important point, 
with a view to the design of a correct globe, and that Iclients will not 
be willing to take anything sent to them. 

With regard to the height, they recommend зо ft., but this is 
rarely possible of attainment. There is no doubt that the adoption of 
the inner dioptric globe is a great advance, and I think there are at 
least three benefits to be gained. There is the increasein candle-power 
as shown in the middle of page 30 by the author, but there are two 
advantages also which are not pointed out in the paper. The first is 
that more efficient ventilation can be secured, and by that means we 
avoid a good deal of the silting-up of the bottom of the globe, and we 
avoid carbon deposit, and so eliminate the cutting off of a very large 
percentage of the light. The second point is that by the adoption of 
this inner globe we are able to prevent the etching of the outer globe 
which goes on during hours of burning owing to the action of the 
chlorine gas. We have found in Manchester that after using a certain 
type of lamp for about twelve months, something like 20 per cent. of 
the light is lost through this etching of the globe. The figures which 
Mr. Harrison gives and the results of the test made by Mr. Morris on 
page 32 are exceedingly interesting in high-pressure gas lamps. I take 
it this 1,500-c.p. Keith lamp is the same lamp asa number of those 
which the gas authorities in Manchester erected in Piccadilly, the 
figure for which they gave in the papers some time ago. We have had 
a photometer out on these lamps, and the result of our test on the 
lamps at Piccadilly was that (hey had showna maximum candle-power 
of about 1,260 at 30°; I am not in a position to put any definite 
figures before you. I should rather imagine from the above figure 
for candle-power that they have not been able to maintain the water 
pressure which I believe was equivalent to 80 in. Probably they 
found the high pressure had a destructive action on the mantles, and 
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due to the reduction of the water pressure the candle-power has 
evidently fallen off to some extent. I think there is also good ground 
for believing that the consumption is in excess of the makers' guarantec, 
viz., 25 cub. ft. per hour, and Mr. Morris's figures of 30 to 34 are prob- 
ably within the mark. "There seems to be some shrinkage going on 
with the high-pressure gas mantles, at times amounting toat least 1 in. 
I would like to ask Mr. Harrison whether the shorter mantles are likely 
to give the same candle-power as the longer ones. Apart from fair 
wear and tear affecting the life of the mantle, there is the most import- 
ant point of external damage, caused by vibration and so forth, which 
very seriously shortens the economical life of the mantle and diminishes 
its light-giving properties. 

I rather gather on page 33 that Mr. Harrison comes to the conclusion 
that there are really only two types of lamps newadays available for 
modern street lighting, viz., flame arcs or tungsten groups. There is 
no reference to the single enclosed lamps, and perhaps this is a little 
extraordinary in view of Mr. Harrison's remarks in his 1905 paper. 
He referred to some lighting in the Gorton district outside Manchester, 
and now within the city. I fully endorse the author's opinion as to the 
value of street lighting—if we can get it—as a demand having a 
high load factor, but I do not go so far as to say it is superior to 
a motor load. It may be of interest to mention that the price we are 
getting in Manchester is an inclusive price of 1łd. per unit, including 
capital charges, maintenance, as well as for current. 

On the top of page 42 the author makes a remarkable statement 
with regard to converging flame lamps, and states that, “erected at 
7o yards they give illumination at the same cost equal to small units 
placed between 40 and бо yards apart." On page 44 the author gives 
us some interesting information with regard to the “ diversity factor," 
which is rather a strange application of this term. I think the expres- 
sion of “the ratio of maximum to minimum illumination" given lower 
down in the paper is better. Also on page 45 there is another interest- 
ing result with regard to the high-pressure gas lighting, the rays which 
reach the point of minimum illumination being only 1°5 times the 
power of those adjacent to the post. This is a much lower value than 
would have been expected, and is probably accounted for by the action 
of the reflectors. 

Referring to the curves on pages 31, 36, 43, and 45, the author points 
out that theseare the curves which are issued by the manufacturers, and 
I venture to suggest that they are substantially higher than those which 
are obtained in actual practice. In Curve IV. the polar curve given for 
the tungsten lamp is both remarkable and quite ideal. The curves on 
page 43 show the horizontal illuminations from two different sources 
of light with varying heights and varying distances apart, while, if I 
remember rightly, Mr. Harrison iu his paper of 19os very strongly 
advocated measurement on a surface inclined at 45? to the horizontal. 
I should like to ask on what basis all the remaining Curves and Figs. 
in the paper have been calculated. 
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Mr. J. FRITH: There is one point in the paper that has not been 
mentioned, and that is as to how the various types of lamps are affected 
by fog. As it is in cases of fog that street illumination is far the most 
urgently needed, any information on the point would be valuable. I 
am sorry the author has not more fully justified his practice of measur- 
ing only the horizontal illumination. Take, for example, the illumina- 
tion by motor-car head-lights carried very near the ground. Although 
their illumination is particularly effective for purposes of using the 
street, they, of course, give next to no horizontal illumination of the 
strect. Mention is made of the illumination up the sides of the buildings. 
This may not be of much use with the black buildings in Manchester, 
but in other, more favoured places it might possibly have some effect. 

Mr. Н. W. ANGUS : With reference to the street lighting in Eccles, 
we have about 300 posts each fitted with а 55-watt 1oo-volt tungsten 
lamp in a well-glass fitting, with inverted reflector, mounted upon a 
swan-neck bracket. The approximate cost of the post, fitting, and 
lamp, erected, is 42 12s., and the approximate cost of the service includ- 
ing the tee-joint is £1 5s. 6d. I cannot give any particulars regarding 
candle-powers obtained at various angles, but can only say that the 
general public arc satished with the lighting result when compared 
with the incandescent gas lamps which they have replaced. The cost 
of lighting main thoroughfares and side streets given on page 29 appears 
to me to be much higher than small towns such as Eccles could afford. 
In Eccles the number of posts per mile in side streets is 40 against 65 
mentioned in the paper, and in Eccles the cost per mile is approxi- 
mately £100 per annum. We get a price of £2 8s. 6d. per post per 
annum, which includes the electrical energy supplied, lamp renewals 
and attendance. This sum was based on the cost of energy at r'gad, 
per B.T.U., but it also provides for four lamp renewals, the average 
life of a lamp being assumed at 1,000 hours. Actual results obtained 
have shown that the average life of these tungsten lamps is over 
2,000 hours. The approximate number of hours the lamps burn per 
annum is 3,800. The lamp renewals per annum have therefore worked 
out at a little over 14 lamps per post. We could, therefore, afford to 
make a reduction in the price of £2 8s. 6d. [Mr. HARRISON : Does 
that cover capital charges ?] The capital charges do not enter into the 
question, because the District Fund pay for the cost of the services, 
fittings, and posts. 

Mr. A. С. COOPER : I do not think І can add very much with regard 
to street lighting. I get such a good price that I am not seeking it. 
We have only half a dozen arc lamps for which we get no revenue at all, 
as the gas department give the public lighting, and we have to follow 
suit. With regard to single enclosed arc lamps, I do not know whether 
any one here to-night has tried putting them on tramway poles. At 
Colne we are very high up (боо ft. above sea-level), and to this I 
attribute the difficulty in making the carbons burn anything like the 
stated hours which enclosed arc lamps are expected to give. It is 
stated that one can get about 70 to 8o hours for single enclosed twin- 
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carbon lamps. I have found the life only so hours. I am experi- 
menting at the present time, and have already improved the life of the 
carbons by closing up a small duct which supplies the air to the globe, 
as they are apparently sufficiently exposed. Whether we shall get bad 
results on the globes due to deposit I have yet to learn. 

Mr. О. Moon: The great thing with regard to street lighting is 
not the main streets to a great extent, but the side streets, and the 
author has proved by his figures that we can easily compete with gas 
in the side street with very little outlay with tungsten lamps. About 
two and a half years ago I was at a debate where it was stated that the 
tungsten lamps were not able to stand vibration or anything else, and I 
said that we had no authority to say how long they would last. We 
had no proof then that the tungsten lamps would last to the extent that 
they do at the present time. From statistics taken out from fifty towns, 
it has been shown that we are now getting an average of over 2,000 
burning hours. I should like to know what our gas friends have got 
to say with regard to that. It clearly shows that we can give small 
units of lights in small streets at very small cost. I think that the only 
way to get the side streets lighted is by small units of tungsten lamps, 
which are very satisfactory. 

Mr. F. SELLs: Mr. Harrison's paper must have been compiled with 
much trouble, and it furnishes most excellent data for reference. 
Without wishing to appear ungrateful, I should like to say that 
Mr. Harrison has just stopped short in one respect, and I deplore that 
he has not gone one step further in giving us his extensive experience, 
especially in view of the fact that he has consented to read this paper in 
Manchester. I do not wish to minimise the value to all of us of the 
figures and tests obtained in London districts, such as Marylebone, 
Baker Street, and Victoria Street, most particularly from a general 
educational point of view and for reference, but after all, how many of 
us in this district deal with street-lighting figures such as £8,000, or 
even £5,700? If we have named “Greater Manchester," Liverpool, 
Sheffield, and Leeds, there are no places left where any expenditure on 
any scale whatever can be sanctioned, and it would therefore be most 
interesting if Mr. Harrison could give us his experience regarding 
strect lighting on a small and inexpensive scale. There ought to be a 
number of station engineers here to-night who have started lighting 
their streets, and it would be interesting to have some information how 
they arrange to get the supply, especially in the side streets. Mr. 
Harrison has dealt in his paper chiefly with street lighting, which has 
been done recently by way of converting arc-lamp lighting into 
tungsten, but it would be interesting to have the figures of the lighting 
of side streets by electricity which had previously been lighted by gas. 
As we have seen, it is difficult to discuss a papcr such as Mr. Harrison 
has given us, and I have been thinking whether it would not have been 
a good idea to invite a gas engincer to open to-night's discussion. We, 
who have listened to the paper, are not wishful to dispute any of 
Mr. Harrison's figures, which are undoubtedly correct. There is one 
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point, however, which I should like to raise, and that is, If we have such 
absolute confidence that we can so easily beat gas, and if, as Mr. 
Harrison has proved to us to-night again, we can light our streets more 
efficiently and more economically by electricity than by gas, why then 
do we not do it? There must be an answer to this. I have tried to 
give it myself, but failed. In certain districts, of course, we know gas 
is given away for street lighting, and with that kind of supply we do 
not wish to compete, but there must be towns and urban districts 
where electricity could be introduced with advantage, especially on the 
lines indicated by Mr. Harrison, and I should like to ask some of 
our friends here to-night why we do not see to our rights. Mr. 
Harrison in one of his replies stated that he found series tungsten 
lamps have 30 per cent. longer life than the high-voltage lamps. I 
should be very interested to know whether this statement is based on 
an all-round experience, or whether he has come across a single 
instance which he is quoting. My personal expcrience is that whilst 
low-voltage tungsten lamps may have a longer average life than high- 
voltage tungsten lamps, the series lamps certainly have not got a longer 
life than the parallel lamps, the most apparent reason being the 
difhculty of matching the series numbers. 

Мг. Н. C. Crews : I think Mr. Harrison’s paper marks the end of 
the rule-of-thumb era in street lighting. In future this will be done on 
scientific lines, but as vested gas interests, сіс., have to be fought, 
progress on such lines may be somewhat slow. Now that we have very 
efficient small “ metal" lighting units available we shall conquer. Let 
us, however, be fair and keep all costs before us—not merely current 
as against gas. The green curve C, for instance, of low-pressure in- 
verted gas mantle, in Table VI., could be corrected by a suitable shade 
or reflector as some of the electric curves have been. On the other 
hand, the falling off in candle-power of all gas mantles is a very serious 
depreciation which our gas friends do not admit. Metal filament lamps 
are not liable to any such serious depreciation, and we have a great 
gain in that way. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION. 
(December 14, 1910.) 


Mr. M. Ѕогомом : Asa good deal of the paper depends on the use of 
a particular type of reflector with the tungsten lamps at Marylebone, I 
think it would interest the meeting if Mr. Harrison would be good 
enough to sketch on the board roughly the shape of that reflector. 
[This was done.] I thank Mr. Harrison for the drawing, which makes 
the paper a good deal clearer in some points. Quite apart from the 
general character of the paper, it contains many very valuable data, 
especially the figures relating to the cost of maintenance of the various 
types of lamps. It is very easy to get from many sources figures giving 
the efficiencies of different types of lamps and to work out the cost per 
1,000 candle-hours, but it is very difficult to get figures which give the 
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Mr cost of lighting and trimming and all sorts of secondary operations 
Solomon. ^ which, as that paper showed, are a very considerable item in the cost 
of upkeep of lamps, and consequently in the cost of lighting. As 
regards the comparison with gas, roughly speaking, the paper shows 
that as a result of the conversion at Marylebone, the lighting effect was 
practically doubled for what was very nearly the same cost. I should 
like to ask whether these figures are based on an up-to-date system. 
As far as I can see, that is not the case, and the gas system with which 
the comparison was made does not represent the very best practice or 
the best result that could be obtained to-day by gas companies setting 
out to put in a well-thought-out installation—as well thought out as the 
electric installation described in the paper. I am quite aware that, as 
Mr. Morcom pointed out, our sympathies are very much on the side of 
the electrical engineer in these questions, but I think they are rather 
burying their heads in the sand and imagining that the gas-lighting 
engineers could not see them. I have taken out various figures at 
different times, taking for choice the figures put forward by the gas 
industry for their installations, just as I have taken the figures put 
forward by the electrical industry for theirs, and my conclusion is that 
it is a neck-and-neck race. Gas engineers can do lighting quite as 
cheaply, and in some cases more cheaply, and I do not think that 
electrical engineers do themselves any good by making out that they 
are ahead. I do not believe that they are. I believe that, cost for 
cost, the gas engineer could equal if not surpass them, and I think it is 
better to keep that fact in front of themirather than to try to claim а 
superiority in matters as to which the claim could not be maintained. 
In regard to other points, some of the curves given by Mr. Harrison 
are rather astonishing to me. Take, for example, Curves II. and III. 
In Curve III. we have a comparison with Beck flame lamps. Curve A 
relates to a 10-ampere lamp with clear globe, and curve D to an 
8-ampere lamp with clear globe. That is to say, the only difference 
shown by the curves is that between an 8-ampere lamp and a 
Io-ampere lamp. I have not worked it out fully, but, roughly speaking, 
the ratio of the mean hemispherical candle-power of the ro-ampere 
lamp to that of the 8-ampere lamp is three to two. In other words, by 
increasing the current 25 per cent. there results an increase in the 
volume of light given by the lamp of 75 per cent. I do not believe 
that if both lamps were using the proper carbons for 8 and 10 amperes 
respectively there could be this great difference between the two 
lamps. I do not dispute Mr. Harrison's figures, but there must be 
something which we have not been told in the conditions under which 
the two lamps were run. [Mr. HARRISON: May I say here that these 
tests were made on purpose to demonstrate what а 1o-ampere lamp 
would do with 8 amperes.] I do not think it is made clear. [Mr. 
HaRRISON : It is a comparison between opal globes and opalescent 
globes.) Mr. Harrison's reply certainly bears out what I think is the 
explanation—namely, that one of the lamps was using the wrong-sized 
carbons, as both curves to which I referred were for clear globes. 
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Therefore, if I might say so, the comparison is, іп a sense, not a very 
valuable one. We do not want to test an arc lamp with the wrong 
carbons any more than to test a gas lamp which was meant to be burnt 
with a mantle, without a mantle. I might make a similar comment on 
the curves in Fig. 2, where we see a 12-ampere Excello lamp with a 
clear globe giving 300 per cent. more light than a ro-ampere Excello 
with an opal globe. There, I presume, the correct carbons had been 
used with each lamp, and it appears that the opal globe was such a bad 
one that it absorbed nearly two-thirds of the light given by the lamp. 
I think these facts rather mislead any опе in studying the curves, 
because certainly the impression I got, and that which I think most 
people would get, is that the one represented the best to be got with a 
12-ampere lamp and the other the best with a ro-ampere lamp. I 
would also like to ask Mr. Harrison whether the costs per candle- 
power per annum on page 41 were worked out for the 10° to 20° rays. 
If so, I think the figures rather misleading. I quite admit the import- 
ance in street lighting of considering the particular rays which we 
want to give a particular illumination in the street, but I think the 
figures are misleading if they give the cost per candle-power based on 
a special ray or group of rays. I have often urged that no comparison 
of lamps is of any value to anybody which is not based upon mean 
spherical candle-power. I quite admit that in this case it is a different 
question, because we are merely comparing the lamps for a special 
purpose, but are we comparing in all cases each lamp under the best 
possible conditions to give them the particular rays in the special 
direction in which they wanted them? I rather doubt it. 

The whole paper brought out one point upon which I would like, 
in conclusion, to lay particular emphasis, and that was the supreme 
importance to the electrical engineer of designing, as Mr. Harrison had 
done, proper reflectors or proper globes for use with any particular 
source of light. We have to compete upon practically equal terms 
with the gas engineers, and shall not beat them unless we take every 
advantage of the means at our disposal to distribute the light in the 
direction in which it is wanted. Two or three years ago, when I 
was writing on this subject, I pointed out that what the arc-lamp 
engineer had done when the flame lamp was brought out was simply 
to use the spherical globe used for the ordinary vertical open-type arc 
lamp, and to think that that was good enough. It has taken two or 
three years for arc-lamp makers to find out that they ought to use the 
dioptric globe, which gave results such as those described by Mr. 
Harrison. I do not think for one moment that even in that respect 
the possibilities are by any means exhausted. The flame lamp is far 
and away the most efficient source of light electrical engineers have, 
and if proper reflectors and proper dioptric or other globes are used it 
can be made useful for almost all cases of lighting large spaces. The 
second point on which I should like to lay stress is the question of 
opal and opalescent globes. Mr. Harrison showed what enormous 
differences these globes made, and figures had been given at various 


vr. 
Solomon. 


Mr. 
Solomon. 


Mr. 
Chattock. 


78 HARRISON: STREET LIGHTING ` (ес. 14th, 


times which confirmed this. It is now almost a necessity for electrical 
engineers to go into this question of globes much more thoroughly 
than had been done up to the present. They ought to be able, when 
buying globes, to specify how much of the light they were to cut off. 
Lamp globes ought to be standardised, but at the present time it is 
not possible to tell whether they cut off 30 or 40 per cent., or even 60 or 
70 per cent. of thelight. Better globes could be got, and in any case 
engineers ought to know where they are. They devote a great deal of 
attention to theimprovement of their light sources and tothe standardi- 
sation of them, and then when they reach the maximum amount of 
illuminating power and efficiency, they put on an obsolete globe which 
cuts away half the light without even caring to find out how much they 
were losing or going to lose. Engineers are beginning to realise the 
state of affairs in regard to this question, but they ought to go into it 
very much more fully than they have done. 

Мг. К. А. Снаттоск : The paper before us is full of interesting facts 
and figures and will be most useful to electrical engineers who have to 
deal with the lighting of large areas. Mr. Harrison's figures have 
apparently been taken independently for the purpose of his paper, and 
on that account are specially valuable. Most of the figures I have seen 
before have been from interested sources, and it is therefore difficult to 
form correct conclusions on them. In this respect I am afraid that the 
sources of electrical figures are no better, generally speaking, than 
those of gas. Мг. Solomon has told us that he has come to the con- 
clusion that gas and electric lighting are practically equal as regards 
cost. I cannot agree with this, and I think that Mr. Harrison's figures 
bear this out. On page 32, where the cost of high-pressure gas-lighting 
is compared with electric lighting, we find that gas would have to be 
supplied at 7d. per r,ooo cub. ft. in order to produce the same light 
at an equal cost assuming electricity to be supplied at rd. per unit. It 
is difficult to tell at what price the gas companies are supplying gas 
for high-pressure lighting ; but I think 7d. per 1,000 cub. ft. would 
certainly be far too low a figure to enable them to make a profit. 
Double that figure would be nearer the mark for most of the large gas 
companies, whilst rd. per unit for electricity is a reasonable figure for 
a large modern station ; in that penny would be included the cost of 
services such as installing the mains, etc. I was interested to see that 
in the discussion at Manchester Mr. Pearce stated that he was obtaining 
1ld. per unit for his street lighting, which covered the cost of the 
cables and so on. On page 32 Mr. Harrison mentions as an average 
figure 30 to 34 c.p. per cubic foot of gas consumed. I should like to 
ask whether this is a figure when the mantles are new or whether it is 
the avcrage result for the life of a mantle. I think he has omitted to 
mention that with high-pressure gas the mantle very soon deteriorates, 
and the illumination falls off very much. Another feature of special 
value in the paper is the insistence on the provision of suitable re- 
flectors for tungsten lamps. Engineers have not the time to design all 
the apparatus they use, but have to tcly on the expert and the тапи. 
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facturer. It is satisfactory to know that specialists like Mr. Harrison M 


are taking this question up in a thorough manner. The reflectors and 
dioptric globes described seem to be a great advance upon what has 
been done hitherto. I am also glad to hear Mr. Solomon say that 
further advances will be made, because he is in touch with the manu- 
facturing side, and he is possibly looking ahead with some special 
knowledge in that direction. Certainly I think that these reflector 
arrangements with tungsten lamps will solve the question of lighting 
side streets in cities. So far such lamps have the same disadvantage as 
gas, in lighting brilliantly in one place and leaving darkness between 
two lamps. Such reflectors, I suppose, cannot be applied to gas 
lighting because of the fumes, but this development will be greatly in 
favour of electricity. Mr. Harrison speaks of the unfairness of the 
Local Government Board in refusing loans to municipal undertakings 
for street-lighting purposes. Such action seems very unreasonable, for 
as a consumer street lighting is very attractive and very remunerative 
compared with the ordinary consumer ; the load factor is good, and 


there are no expensive meters or other apparatus to instal, and the: 


consumer is not likely to go off any quarter day without giving suf- 
ficient notice. I would suggest that if municipalities were to combine 
and bring this view before the Local Government Board the attitude of 
that body on the subject might be altered. To refuse to grant a loan 
for this purpose means that the municipality have to provide the whole 
of the money in one year and charge it on the rates. I cannot, how- 
ever, agree with Mr. Harrison that a street-lighting load is better than 
a motor load. In the case of street lighting it is necessary to lay 
special mains for each lamp-post, which really constitutes a special 
service, and in many cases it would be necessary to lay special 
distributor mains in districts where possibly a general supply would 
not be taken, which would occur in outlying districts. In such cases 
there might be a very small return on a considerable expenditure 
of distributing mains. A motor load would have practically the same 
load factor, could in most cases be supplied off the existing distributors, 
and would load up the station more efficiently than street lighting. I 
should say that the two classes of load would be about equal in the 
benefit to the supply authority. 

Dr.-W. E. SUMPNER : The paper is full of valuable statistics and will 
be useful for reference. One of the main points raised is the improve- 
ment brought about during recent years in the distribution of the light 
given out by various sources. This improvement has come about 
partly by design in regard to the construction of globes, reflectors, and 
so on, and partly by accident. It was unlucky that the electric light 
mostly used hitherto for street lighting distributed its rays in a way 
least suitable for that purpose, while the glow-lamp, the distribution of 
whose light is most suitable for street lighting, has been used for 
interior illumination. What is wanted for outdoor lighting is a lamp 
giving its maximum candle-power in a horizontal direction or nearly 
so; what is wanted in interior lighting generally is а light whose 
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maximum candle-power is downwards or within 45° of the vertical. 
The former is characteristic of the glow-lamp which is used for interior 
lighting, and the latter is characteristic of the arc lamp which is used 
for street lighting, so that so far as distribution is concerned each light 
has been used for thc purpose for which it is least fitted. But owing to 
recent developments the position is now greatly altered for the better. 
The invention of the flame arc lamp, by enlarging the size of the 
brilliant area, has much improved the distribution, and the flame arc 
lamp is not only very much more efficient in the production of a 
quantity of light for a given quantity of electricity, but also distributes 
the light more efficiently. The most important development has been 
the improvement of the glow lamp. Ву the introduction of the tung- 
sten filament we have not only a lamp which will compete with the 
ordinary gas lamp in interior lighting, but also one which is cheap 
enough for, and whose distribution is just what we want for, street 
lighting. It has the advantage over its gas rival that it is perfectly clean 
and remains clean. This means that a reflector can be used, which 


. will retain its efficiency. Mr. Harrison has pointed out how reflectors 


can be constructed and used to the greatest advantage. I am rather 
surprised that the particular point Mr. Harrison has alluded to about 
the reflector was not foreseen. The enamelled zinc reflector sends off 
most of its light by diffusion, and the theory of regular reflection does 
not apply. The essence of diffusion is that the light is sent off in fixed 
directions dependent on the surface of the reflector and not on the way 
the light falls on the reflector. What is wanted is a reflector shaped 
so that it will look largest from the point to which the light has to be 
sent. An ordinary reflector such as those over the glow lamps in this 
room throws the light mostly downwards, but if we wanted to send out 
the light in a horizontal direction by a reflector placed above the lamp, 
the best thing to do would be to turn the reflector upside down, so that 
the cone of the reflector pointed downwards to thelamp. There is one 
criticisin I should like to make on the paper. It is a very old criticism, 
and is true of many papers. No comparison between lamps is worth 
anything if it is based simply on candle-power, and this is particularly 
true when one compares glow lamps with arc lamps. The candle- 
power of the arc lamp is always given as its maximuin candlce-power, 
and the same with the glow lamp. But if the total quantity. of light 
given out by the glow lamp is represented by ten times its maximum 
candle-power, the quantity of light given out by an arc lamp (using the 
same units) is represented by about four times its maximum candle- 
power. Thus there is a factor of 24 to bear in mind in making any 
comparison. If one has a glow lamp giving t c.p. per watt, and an arc 
lamp giving 5 c.p. per watt, it is not true that the arc lamp is five 
times as efficient as the glow lamp. It is only true that the arc lanp is 
about twice as efficient. All these points have to be borne in mind in 
comparing lights of different kinds, and it ought to be borne in mind in 
papers such as this. I know it is very difficult to do so and involves a 
great deal of work, but one must bear in mind that the cost per candle- 
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power per annum, although the phrase people normally use, is not worth 
anything, and is not necessarily the true measure of what the light costs. 


Mr. A. E. ANGOLD: I wish to endorse the remarks of the previous M 


speakers as to the value of the paper, and ask Mr. Harrison a question 
regarding the candle-powers. I presume the figures given are for the 
British standard, and not on the Hefner standard. Also, that all the 
figures given to compare the efficiencies of the various arc and incan- 
descent lamps all refer to angles between 10? and 15°. Unless this 
latter point were emphasised all through, it gave rather a wrong 
impression as to the comparative merits of tungsten lamps and arc 
lamps for other purposes than street lighting. When I see statements 
that some types of arc lamps are not so efficient as tungsten lamps, I 
wish to emphasise the fact that for shop and workshop lighting the 
problem is quite different, and that comparisons on the angles between 
10° and 15° are in these cases of little value. On page 32 Mr. Harrison 
gives some tables on this question of efficiency, and I think what is 
given there rather emphasises what Mr. Solomon has said about 
getting the conditions as nearly equal as possible. Otherwise there 
is some danger in making comparisons. If we are going into the 
question of costs it is not right to compare a 12-ampere or Excello 
lamp of 460 watts with an enclosed lamp of 460 watts. The lower 
carbon and trimming costs of the enclosed lamp permit of a larger 
expenditure of energy, somewhere about 600 watts for the same total 
running costs, and with such an increase of energy the efficiency of 
the enclosed arc is much improved. "Therefore I think these matters 
should be taken into consideration, and the value of the figures given 
in the paper would be somewhat disturbed because the comparisons 
are not even. The least efficient lamp was put under the least efficient 
conditions, as the wattage was too low for that class of lamp. Mr. 
Harrison has said something about the enclosed flame and the ordinary 
flame arc lamps being used with the higher grade carbons recom- 
mended by the makers, and has drawn comparisons between one of 
the latter—viz., an Excello lamp and a magazine lamp. The Exccllo 
lamp uses a higher grade carbon than the usual magazine lamp, inas- 
much as the carbon for Excello lamps has to have a metal core, and is 
usually made with a good class body, so as to emit a good, steady 
light, and permit the using of a fair proportion of the salts necessary to 
give the yellow flame ; whereas in the class of magazine lamps which 
Mr. Harrison refers to carbons are used with a cheaper body, and this 
necessitates a small quantity of the salts, or else the arc could not burn 
steadily. Consequently the magazine lamp of this type is less efficient 
than the ordinary flame lamp. It is possible, however, and it is the 
general thing with some magazine lamps, to use the same class of 
carbon body and proportion of salts as in the Excello lamp, but as the 
metal core is not required in a magazine lamp the carbons are, there- 
fore, considerably cheaper. The comparisons between the total costs 
of different systems of electric lighting will, I think, be considerably 
modified if the points I have mentioned are taken into consideration. 
VoL. 46. 6 
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A dia As to the question of reflectors for throwing light up and down the 
| street, has Mr. Harrison done anything with regard to the question of 
throwing a still greater proportion of light up and down the street 
rather than across the street? I understand that the reflectors Mr. 
Harrison has sketched are intended to make use of that light which 
would be normally thrown upwards, but has anything been done to 
get some of the light which would be thrown across the street and use 
it for throwing it down the street? As to the question of opal globes 
and the bad globes which have got into use, it is only fair to say that a 
large proportion of the arc lamps used for shop lighting are, unfor- 
tunately, not for lighting the shops, but for dazzling the customers. 
That is why so many of these globes found their way into use. There 
is no doubt that what is called a bad globe for the purpose of the paper 
is usually the one that looks the brightest. Of course we can get a bad 
glass which absorbs the light and shows nothing for it, but a dense opal 
glass looks the brightest, and I think that is why so many of them have 
come to be used. 
Mr. Mr. К. К. Моксом: I should have very much liked somebody repre- 
мокоп; senting the interests of the gas world to have been present at this meet- 
ing. If such a representative is present I would like him to give us his 
views, because, after all, we are challenging gas figures, and are trying 
to prove that electricity is now at least as cheap as gas, if not cheaper. 
It would, therefore, be of the greatest interest to us if any one could 
come forward on behalf of the gas interests to discuss this question 
with us. As I see, to my regret, however, that no such representative 
is amongst us to-night, I think, after the very complimentary remarks 
from all sides as to Mr. Harrison's address, there is very little left for 
me to say. I am pleased to see that the discussion to-night has 
brought out one or two exceedingly good suggestions, especially the 
one recommending standard specifications for opal globes, and I sin- 
cerely hope that these suggestions will be adopted in future. The 
discussion which has taken place on this paper has already been a long 
and more extended one than our usual discussions, and Mr. Harrison 
will have his work cut out for him if he endeavours to answer now all 
the queries and questions which have been put before him. 
Mr. Mr. HavpN T. HARRISON (in reply): I quite agree with what 
Harrison. Мү. Bailey said concerning raising the degree of illumination of our 
streets. The traffic in our streets has grown in a much greater ratio 
than the illumination, and there is no doubt that the increased traffic 
does sometimes demand a much higher illumination than probably 
many examples mentioned in this paper. As we cannot control the 
spced of traffic, the lesson should be brought home to the municipalities 
that the illumination which they can control should be increased, and I 
think the police do help us all they can : they are always crying out 
for more light—but municipal councils fear the increased expenditure 
they think will be necessary in order to obtain it. Ithink Mr. Bailey 
has shown one of the ways to obtain this increase by the manner in 
which it has been done in Cheapside. Unfortunately the new system 
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of light has been installed in Cheapside so lately that I have not been 
able to make any tests there, and I was hoping that Mr. Bailey would 
give us some of the figures. I do not know what the minimum 
illumination is, but there is no doubt it is very high. In London 
particularly it is essential that more money be spent on the lighting 
of some of the more important streets. As regards the question 
of glare, Cheapside is a very interesting case, because Mr. Bailey 
has installed centre lighting there. Two or three other speakers 
to-night have also mentioned centre lighting. I am not altogether 
in favour of centre lighting myself. It is good for the pavement 
and it is good for the pedestrian, but I do not consider it is alto- 
gether good for the drivers of omnibuses and other people who are 
mounted rather high and have these lights in their line of vision 
the whole time. Mr. Sparks brought up one of the most important 
subjects there is at the present moment, namely, the getting out of a 
standard specification for street lighting. The specifications that we 
have to work to are very few, and in some respects far from satis- 
factory. It is only the last year or so that we have had anything 
specified, except so many posts at such and such a height, put up with 
so much current available; as to whether that current produced any 
light or not the specification never said ; but it was supposed to do 
something in that direction. The question of a standard specification 
is rather a difficult one, because the gas industry must be considered. 
It is a very doubtful thing whether if we as an Institution were to draft 
a specification it will be generally adopted unless agreed upon by all 
the parties concerned ; therefore I think an independent society should 
finally approve the specification. That society really ought to be, if 
they will only study the subject sufficiently, the society to which the 
surveyors or city engineers generally belong, because it is they who 
have the street lighting under their control. Unfortunately we all 
know that very few surveyors have made any study of the subject. 
They have followed in the footsteps of their forefathers—so many posts 
with lamps on them to the mile, or something of that sort. They are 
beginning to consider the matter, and many of them are joining the 
Illuminating Engineers Society, and therefore I hope they will 
probably learn in time that so many posts to the mile is not the only 
consideration in street lighting. I was glad to hear several speakers 
say that rd. a unit is on the high side. I know it is, but, on the other 
hand, there are many municipal engineers here to-night who if they 
told their committees that they wanted to supply current at, say, 0775d. 
for public lighting, would be told they were giving it away, because the 
committees do not appreciate the advantages which I have shown in 
the paper that occur with street lighting. The gas companies have 
appreciated it first and taken advantage of the very excellent 
advertisement. 

In reply to Mr. Seabrook as regards central lighting for important 
streets, I quite agree that it is good provided the streets are wide 
enough and the lamps are placed high enough, but there are very few 
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important thoroughfares even in a city like London that are as wide as 
Oxford Street for instance, and as some of the main arteries are narrow 
central lighting must necessarily mean spare wires, fixings for which 
cannot always be obtained on private property. As this also applies to 
brackets, which is often a good system of lighting, it would be an 
excellent thing if some Act were passed to facilitate obtaining such 
fixings. With reference to Mr. Seabrook's remarks concerning the 
cost of Oxford Street lighting, both the illumination and cost are based 
on the posts being the maximum distance apart, namely, 200 ft. Many 
of them are much closer and therefore the cost is higher, but it would 
have been misleading to give this higher figure when comparing on the 
minimum illumination basis. This brings me to Mr. Seabrook's 
remarks concerning minimum horizontal illumination as a basis for 
comparison, and he will see from my paper that I do not consider it 
the best criterion, but where a comparison of various systems of 
lighting, differing in nearly every detail, is being made, it is the only 
means by which every factor сап be brought under one figure for the 
purpose. Personally I prefer to know the candle-power of the lamps 
at various angles, the height and distance apart of same—in other 
words, the factors which go to make up horizontal illumination. 
Mr. Vignoles must have missed the fact that I mentioned the 
question of the Local Government Board and loans in one paragraph 
of the paper; for the one example of Grimsby where the Board 
sanctioned the loan there are many cases where it has been refused. 
That is one of the details which has held back electric street lighting 
more than anything else in this country. I cannot understand why 
Mr. Vignoles likes a large diversity factor. I believe it was Mr. 
Mordey who some years ago used the word “seeing” capacity. If 
we have a large diversity factor, that is to say, if at one moment 
we are surrounded by objects illuminated very highly, and we pass 
from that into a position where we are surrounded by objects 
illuminated to a very slight degree, we cannot see those objects 
at all until our eyes have got out of the condition they got into on 
account of the high illumination. Therefore, as Mr. Mordey said, 
we have no seeing capacity in that way. The only way to really 
make people sce in a low illumination—and of course side streets 
because of the cost cannot be highly illuminated—the only way to 
make them see well under those conditions is to kcep them away from 
the degree of high illumination. I think it was Mr. Morris who 
pointed out that it was very much better if the people did not see any 
lights at all. We could often reduce the illumination of a street to 
one-tenth, and people would see better, provided they never saw the 
lights. Then Mr. Vignoles asked why Marylebone adopted two lamps. 
If we remember, Marylebone was one of the first to start this scheme or 
to work on the scheme when the tungsten lamp was first introduced, 
and a 240-volt lamp taking a very small current was hardly a satisfac- 
tory lamp to introduce into these streets at that time, so that they used 
two lamps in order to be able to put two lamps into series. It has 
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proved the right policy not only on account of life of lamps, but for the mr. 


reason he mentioned, namely, when we have two lamps in one lantern 
the effect is distinctly better. Mr. Trotter misunderstood the remarks 
in my paper about the effect of increasing the height of the lights in 
Baker Street to 20 ft., namely, that it would increase the illumination 
by 50 per cent. What I said is that I do not think the people would 
appreciate the extra 5o per cent. I do not say that they would object 
to the height being increased, but I do not think the people would 
appreciate the fact that the illumination was increased. Mr. Trotter 
and several other speakers have called attention to the importance of 
the lighting of small streets. It is the small streets that do require a 
lot of very careful consideration. "The origin of street lighting was the 
reduction of crime, that is to say, to prevent people being murdered or 
to having their pockets picked, and in order to prevent that, at least to 
a certain extent, lighting of the streets was started. It is in the small 
streets, the dirty neighbourhoods and suchlike places, that murders and 
burglaries occur. Nowadays you will find that shopkeepers in the 
main streets want to attract people by the warmth of the lighting in 
their district, but it must not be forgotten that when the shops are 
closed, the traffic still remains and the police still have their duty to 
perform, therefore the shop lighting can only be an addition to, not in 
place of, the street lamps. 

As regards the side streets, attention should be given to the subject, 
but unfortunately what has to be done will have to be done at the 
minimum cost, as the improved illumination must be obtained without 
increasing the rates. Mr. Gaster seemed rather down on surveyors 
generally. I think he was too severe on them ; surveyors have a lot to 
do; they have a very big diversity factor of work. If they have to 
know all about illumination, and all about drainage, and all about road- 
making, and all about everything else of that sort, of course they must 
know very little about any of them. I do not expect they will ever 
have time to learn the whole science of street lighting, but what I do 
think they might learn one of these days is that they can get informa- 
tion on the subject, which will greatly assist them to carry out their 
work more satisfactorily. Мг. Cooper asked what I mean by candle- 
power. If he looks at page 46, towards the end of the paper, I call 
attention to this difficulty and point out that in the table the candle- 
power of a lamp is taken as the candle-power of those rays which 
penetrate to the point of minimum illumination, which is generally 
those between ro? and 15° from the horizontal, and by a lamp I mean 
the source of light, its rays being as measured in the strects with 
all globes, reflectors operative. For instance, a 12-ampere Excello 
amp with a dioptric globe has a candle-power of very nearly 
4,000. Therefore the cost of that comes out as one of the very lowest, 
but if the mean hemispherical candle-power is taken the cost per 
candle-power will be very much higher. But the mean hemispherical 
candle-power is of no importance to anybody for street lighting because 
we want the high candle-power rays approaching the horizontal. 
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The other point referred to by Mr. Cooper, namely, measurement 
of candle-power of a lamp having large illuminating sources such as 
reflectors or diffusing globes, does not affect the figures in this paper, as, 
the measurements being made in the street, the distance of the photo- 
meter from the source of light was sufficient to eliminate this error. 
Thus it is taken that the candle-power of the light source is that which 
produces a definite illumination at a distance. I have found that 
a considerable error is likely to occur if the candle-power of a 
light source having a large area is calculated from an illumination 
measurement taken nearer than, say, 20 ft. unless an allowance is made. 
Mr. Shaw said that he is able to do his street lighting at Worcester 
at less than £204 a mile, but he must remember that he has only about 
44 posts to the mile, whereas in Marylebone, even in the least important 
streets, they have 65 posts to the mile, and that makes a considerable 
difference. Iam very glad to have the figures of his capital cost per 
mile as they prove that conversion can be carried out at a low cost. 
Mr. Morris's tests are very interesting indeed, and they corroborate to a 
large extent what one would have expected to find. I have always 
maintained that if a lamp is adjacent to a highly illuminated white 
surface theeffect of the glare is considerably reduced—in fact, if you get 
far enough away from a lamp in front of a white surface, take for 
instance a tungsten lamp, you cannot distinguish the light source from 
the surface. 

I was very glad to hear Mr. Kenelm Edgcumbe support Mr, 
Sparks’ suggestion of appointing a committee, as Mr. Edgcumbe 
is one of those who realises that light or illumination can be 
measured, and therefore produced and sold to specification. If 
this Institution only leads the way by showing how a specifica- 
tion, fair to all parties, can be drawn up it will have carried out 
ап «excellent work. Mr. Boots remarks not only emphasise my 
point as to the small extra expenditure incurred in generating 
expenses, by undertakings taking on street lighting, but also prove 
the high value such lighting has as ап advertising agent, 
which value the gas undertakings, being fully aware of, seem to 
appreciate. Mr. Dow's remarks support the importance of the light 
source for street illumination being placed as high and as close as 
possible ; the fact that this means smaller units should not allow of 
the principle being lost sight of, but should rather tend to uni- 
formity as regards height and distance with various sizes of light 
units depending upon the importance of the streets. The question 
of surface brightness of surrounding objects is a somewhat difh- 
cult one to tackle, especially in London where all surfaces rapidly 
become dark in colour; even if they were white, I doubt if much 
good would result by whitening the surfaces, as their brilliancy 
during the hours of daylight would tire the cyes and probably reduce 
their seeing efficiency at night. 

Mr. Fedden's remarks re cost of cleaning of large lanterns such as 
are used for gas depends largely on the make of lantern ; some, which 
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are provided with suitable doors, are more easily cleaned than the 
small lanterns with one door. The capital expenditure, mentioned on 
page 26, of £3 per post converted included everything from opening up 
the ground to switching on the light. Each post is provided with a 
double-pole switch fuse, the service cable being twin lead covered and 
protected with paper insulation. It is not possible to give the figures 
for gas corresponding to the table on page 27 asthe work was previously 
carried out by a contracting firm at a lump sum per annum. As 
regards the lighting hours, these are the same as before with the gas, 
but the watts given in the table are those designating the lamps at the 
time of conversion, whereas the actual consumption is less owing to 
the improved efficiency of the lamps, and the fact that they are run 
slightly below the stated consumption. Automatic switches are not 
used. The charges B and C have been reduced, as it has been found 
that one man can deal with more electric lamps than was possible with 
the gas lamps. 

The facts which Mr. Wilkinson points out, namely, that the hori- 
zontal illumination near the lamp is reduced by increasing the height, 
is, in my opinion, a great advantage as it reduces the diversity factor ; the 
increased illumination at corners may be necessary, but it should not 
be gained at the expense of comparative darkness directly the corner 
has been turned. Curve V. was given at unit illumination for con- 
venience when multiplying by a factor proportionate to the candle- 
power. The tests shown in Curve III. were made on a direct-current 
lamp ; there is no doubt that the different degrees of opalescence of 
globes considerably affect the shape of the profile curve, as also does 
the height of the arc relative to the economiser in a V-type flame arc 
lamp. The point raised by Mr. Kilburn Scott re centre posts is a very 
important one, and should be carefully borne in mind. I agree that 
brackets where they can be used are preferable to either posts or span 
wires ; the suggestion re reflectors behind brackets is one which should 
certainly be adopted where the space behind the lamp is available 
for the purpose, but it should be wedge-shaped and brought as 
close to the lamp as possible. Mr. Sexton’s remarks re photometery I 
have dealt with when replying to Mr. Cooper. I cannot agree that 
there is any impossibility in measurement of candle-power (within, say, 
5 per cent.) provided any error due to large area of light source is 
practically eliminated by distance or any reflection due to surrounding 
objects is avoided. In reply to Mr. John D. Mackenzie, the angle at 
which the gas lamps were measured was about 30? from the horizontal. 
The electric lamps were tested at the same angle, and further tests on 
them at 20? gave almost identical results. Тһе effect of dust on the 
Marylebone reflectors is not allowed to become noticeable, as the 
reflectors and lanterns are cleaned twice а week. My experience 
goes to prove that the upkeep of tungsten lamps or gas mantles 
is very similar in cost, but attention to burners used with mantles is 
more than lamp cleaning if they are to be properly maintained. 

I cannot agree with Mr. E. P. Hollis that nobody in this country 
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has attempted to reason out the basis on which a street-lighting 
specification should be prepared. Mr. Bradly and Mr. Abady have 
done some excellent work in this direction, and I myself have written 
articles оп the subject, but I do not consider it comes within the scope 
of this paper, beyond the proof of the need of such a standard specifi- 
cation ; nevertheless, Mr. Hpllis's remarks are of considerable interest. 
I agree with the bulk of them, but not with the statement that illu. 
mination cannot be measured sufficiently accurately for the purpose. 
I consider a 5 per cent. degree of accuracy to be quite near enough. 
I rarely find that observations carried out by different observers at the 
same time but on different instruments vary to this extent ; the candle- 
power of lamps often varies from minute to minute to a much greater 
extent, therefore for comparison purposes tests should be taken at the 
same time. The question of whether the results are to be stated in 
candlc-power or illumination is only a matter of convenience, as all photo- 
meters are primarily illumination photometers. The direct measure- 
ment of minimum illumination in side streets is generally impossible 
owing to it being too low, but it can be ascertained by measuring the 
candle-power of the rays on which it depends at a point nearer to the 
source of light. As regards the reflection from walls, etc., I prefer to 
use a photometer which avoids rays derived from this source, as I con- 
sider it would be unfair to allow it to interfere with the comparison of 
light sources under competition. 

In reply to Mr. S. L. Pearce, I am glad that he agrees with Dr. 
Louis Bell and myself; we often have to take the position of street 
lamps as we find thein, and improve the illumination as best as we can. 
As regards the use of two lamps in series at Marylebone, it must be 
remembered that at the time this work was carried out the lowest 
candle-power, 240-volt lamp took 63 watts, and was not satisfactory as 
regards life, hence it was necessary to use two 35-watt lamps in series. 
This arrangement has proved very satisfactory, the life of the series 
lamps proving better than that of the parallel, and the cost of main- 
tenance less. 

As regards the treatment of charges at Marylebone, Mr. Pearce 
suggests that to settle on a lump sum charge and then ascertain 
amount available for payment of current is putting the cart before the 
horse. Naturally every commercial undertaking wishes to obtain 
the best price possible, and the fact that Marylebone was able 
to do the public lighting better and at a lower price than gas, and 
yet obtain r42d. per unit, is in itself proof that they could if neces- 
sary reduce their price, which in fact they did when it was necessary 
to expend capital on distributors in order to complete the electric 
lighting of the district. I do not agree with Mr. Pearce that the 
allotment of interest and sinking fund on cost of distributors laid 
for both public and private lighting is such a simple matter, as 
it is not easy to ascertain the relative demand, as the demand 
for private lighting is continually growing, whereas the public lighting 
demand once completed remains constant. The figures relating to 
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Marylebone are particularly complicated, as about half the lighting was 
connected to existing distributors, the cost of services, etc., being repaid 
over five years ; in the case of the other half, new distributors or ducts 
were laid, the cost of all of which naturally will not be repaid in such a 
short period. 

Mr. Pearce is quite right to call attention to the better ventilation 
resulting from the use of dioptric globes with flame lamps. This is so 
important that these globes are now being used of plain glass where it 
is not necessary to divert the higher candle-power rays. With reference 
to different lengths of gas mantles, this considerably affects the dis- 
tribution of light, the longer ones being preferable for strect lighting ; 
they are also generally more efficient for a given consumption of gas 
than the short type. With reference to the measurements on which 
the horizontal illumination figures are based, Mr. Pearce is quite 
correct in stating that in my paper of 1905 I advocated 45' for the 
measuring screen, and he will be pleased to hear that all the measure- 
ments were made at that angle, the candle-power and horizontal 
illumination being calculated from these measurements. 

In reply to Mr. J. Huth, I quite agree with him that illumination is 
most urgently needed during fog, but as the sun fails under these cir- 
cumstances I am afraid any artificial means will always prove a very 
poor substitute. I do not need to justify any practice of measuring hori- 
zontal illumination as I very rarely attempt it, preferring to calculate it 
from candle-power measurements made in the strcets, but horizontal 
illumination is the most convenient factor for comparison as it embodies 
all the other factors. 

With reference to Mr. A. С. Cooper's remarks re enclosed arc 
lamps, the lighting efficiency of these lamps is so low compared to 
tungsten lamps that I find very few places where their use can be 
recommended, and would certainly not attempt to obtain long burning 
hours for one pair of carbons, as the reduction of light due to deposit 
on the globes is a serious matter. 

In reply to Mr. Moon, I am surprised to hear that an average life of 
2,000 hours has been obtained in со towns. I have had before me the 
figures relating to a much larger number than this, and find the average 
nearer 1,300 ; perhaps Mr. Moon's were all low-voltage towns using 
high candle-power lamps, and the allowance for premature failures 
was high. 

In reply to Mr. Sells, I would point out the three reasons why 
electric street lighting is not advancing at the rate he would expect : 
(1) Gas has possession, and possession goes a very long way where 
lay contracts are the rule; (2) the obtaining of capital for street 
lighting is a difficult matter in the case of municipalities ; (3) street 
lighting contracts are not generally split up ; therefore, unless the elec- 
tricity undertaking has mains in every street a considerable amount of 
capital has to be expended. With reference to Mr. Sells’ remarks 
concerning the relative life of series and parallel lamps, I could give 
him several instances, but both Marylebone and Canterbury are very 
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striking examples of the fact that the thicker the filament the longer 
the life. | 

In reply to Mr. С. Crews, I think that unsuitable profile curves of 
light for street lighting are common to both gas and electric lamps, but 
it is much more difficult to correct the gas on account of the heat and 
necessary ventilation. As regards being fair, I think Mr. Crews will 
find all costs taken into consideration in my paper. 

In reply to Mr. Solomon, with reference to the comparison between 
the illumination of the streets of Marylebone before and after the con- 
version of the gas lamps to electric, it naturallyrefers tothe gas mantlesin 
use at the time; these were exceptionally well maintained, and above 
the average to be found in many other parts of London. Mr. Solomon 
seemed to think the figures in the paper were prejudiced in favour of 
electric lighting ; the gas journals which had criticised the paper seemed 
to think the same thing; nevertheless the figures of candle-power were 
tests made by Messrs. Alexander Wright & Co., and also those of Mr. 
Abady, since published in a paper before the Gas Institute, cor- 
roborated by the author's own tests. If Mr. Solomon is in the habit of 
taking figures put forward by the manufacturers of either the 
gas or electric industry, I think he will find that they are very rarely 
corroborated by actual measurements made in the street. But even 
taking the statements of the manufacturers as correct in both cases, 
we get 60 c.p. per cubic foot for high-pressure gas, and 8 c.p. per 
watt for certain makes of flamearc lamps; the ratio is much the same, 
and the relative results, though not the true actual results, would be the 
same. Мг. Solomon has misunderstood Curve III. ; this is intended to 
show the effect of increase of current when using the same carbons, and 
the effect of various globes, both of which details I think аге important. 
As regards the comparison of the Excello lamp, these tests were made 
on street lamps under working conditions. I think Mr. Solomon will 
find that such variations are quite common, depending on current 
density and class of globe. 

In reply to Mr. Solomon’s question ve the tables, such as the cost 
per candle-power per annum, these charges where not otherwise stated 
are the candle-power at 10° and 15° from the horizontal as indicated in 
Table I. These are the important rays for street lighting; it is this 
figure which is wanted, and therefore it is the figure given. 

In reply to Mr. Chattock, I would mention that Professor Morris's 
figures of 32 to 34 c.p. per cubic foot (high-pressure) gas are for new 
mantles ; the high-pressure mantles opposite my office in London are 
so frequently renewed that I doubt if I have ever tested the same 
mantle twice; the reason I preferred to take Dr. Morris's tests is that 
he was able to measure gas consumption, whereas when testing in the 
street I have not these facilities. As regards Mr. Chattock’s remarks 
re the comparative value of street lighting and motor loads, I think 
that as they both overlap the lighting peak there would not be much 
to choose between them if it were not for the advertising value of 
street lighting, provided it is carried out satisfactorily. I think Mr. 
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Chattock's suggestion that municipal authorities should combine in 
order to bring a more correct view of the position to the notice of the 
Local Government Board an excellent one, and hope it will not be 
allowed to drop. 

In reply to Dr. Sumpner, I am sorry that he has confused the issue 
by introducing the question of mean spherical candle-power; as а 
figure it is worth nothing to an illuminating engineer who must know 
the profile of lighting in order to utilise the lamps to thebest advantage ; 
for that reason I have given the costs per candle-power at the im- 
portant rays for the purpose of street lighting, which is the subject 
under consideration. I do not agree with Dr. Sumpner that spherical 
candle-power is difficult to measure now that the Ulbricht globe is 
available for the purpose, but I fail to see that the results of measure- 
ments made with it are of much value to any beyond the pure 
scientist. Dr. Sumpner was surprised that the correct form of 
enamelled reflector was not foreseen, but the exact ratio of diffusion 
and reflection of any surface has to be ascertained by experience, and 
Dr. Sumpner also appears to have overlooked a second factor, namely, 
the degree of illumination of the reflector, which in the case of street 
lighting often falls with the function of increasing area visible from the 
point where maximum candle-power 15 required. 

Mr. Angold is right in presuming that the candle-power figures 
given are British and not Hefner. As regards the relative efficiency 
of carbons used in various lamps, this has been fully taken into con- 
sideration when calculating total costs, and the candle-power figures 
are those in actual practice; therefore, as one affects the other, the 
total result would not be much modified if one factor is altered. 

As regards reflectors for throwing light up and down the street, the 
Marylebone pattern do this, but do not alter it across the street, hence 
the high efficiency in the up and down direction. I regretted with 
Mr. Morcom that nobody was present representing the interests of the 
gas industry, but it must be borne in mind that this was not a paper 
comparing gas with clectric light, but comparing the modern electric 
lamps and sources of light with those available in the past. 


Mr. 
Harrison. 


The PRESIDENT : Mr. Harrison has given us a valuable paper, and The 


I ask you to give him a most cordial vote of thanks. 
The resolution of thanks was carried with acclamation. 


President. 
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MANCHESTER LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


]. S. PECK, Member. 


ABSTRACT. 
(Address delivered October 28, 1910.) 


Having recently returned from a trip to America, it has occurred to 
me that a description of the progress made there in certain lines of 
electrical work may be of interest to you, as indicating certain 
differences in the engineering practices of the two countries. The 
features which impressed me most were the enormous quantities of 
standard machines which were being manufactured and the great 
advances made in electric traction, but there are many items of 
interest in other lines, and I propose to take them up in order and 
comment upon them. 

Electric Traction.—The traction department of an American manu- 
facturing company presents a very different appearance from that of a 
few years ago, for while one still sees the usual standard type of tram- 
way motor, there are also large motors for the enormous electric 
locomotives which are now being used by many of the main steam 
roads for drawing trains in and out of their terminal stations, and for 
hauling trains through tunnels. These motors resemble slow-speed 
engine-type generators more than they do tramway motors, and some 
effort of the imagination is required to realise that a 14-pole machine 
with armature 6 ft. in diameter is really a railway motor ; while the 
sight of cranks, jack shafts, and connecting rods on electric loco- 
motives is new to any one who is not closely associated with this 
work. 

For tramway and light railway motors the commutating pole is 
regarded as highly desirable, and motors of this type appear to be as 
nearly perfect as it is possible to build any electrical apparatus. The 
use of the commutating pole has practically eliminated all flashing 
from brush to brush, while the wear of the commutator and brushes 
is negligible. 

High-lension Transmission.—Sevcral plants are operating success- 
fully at 110,000 volts, and 200,000 volts appear much nearer than did 
100,009 ten years ago. In fact, one of the best known transmission 
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engineers in America told me he was quite prepared to recommend 
200,000 volts now, and was sure it could be handled successfully. 
With pressures of this order a generating station in the Manchester 
district could reach every large city in Great Britain ; in fact, with 
60,000 volts the Ontario Power Company is delivering Niagara power 
in Syracuse, 150 miles away. 

The general tendency on very high-voltage lines is to omit pro- 
tective apparatus for the transformers, and endeavour to protect the 
line. Apparently the most satisfactory method yet proposed for doing 
this is the use of the overhead ground wire. For circuits below 40,000 
volts lightning arresters are almost always used. The electrolytic 
arrester is being almost universally adopted for all voltages above 
5,000. 

Turbo-generalors.—In turbo machinery the tendency is towards 
higher and higher speeds. For 25-period work 1,500 revs. per minute 
is the minimum speed for all machines, regardless of size, while for 
бо periods 3,600 revs. per minute is used up to about 2,500 k.w., and 
1,800 revs. per minute from 3.000 k.w. to 15,000 k.w. Peripheral 
speeds of field magnets run up to 23,000 ft. per minute. 

With reference to direct-current turbos, much greater progress has 
been made in Great Britain than in America, for while large numbers 
of very small machines are being built in America, the large ones are 
few, and in general of slower speed than are found here. One of the 
large manufacturing companies is advocating for direct-current work a 
high-speed alternating-current turbo with 60-period rotary converter. 
The alternating-current end of the rotary may be connected direct to 
the generator, so that it starts and stops with the generator, and no 
synchronising apparatus or transformers are required. 

Transformers.—The majority of the transformers are of the shell 
type, whether made for 1- or 3-phase. Тһе core type is used when the 
voltage is very high in relation to the capacity of the transformer. 

Great care is taken with all transformers to eliminate all traces of 
moisture from the coils and core, and with high-voltage apparatus the 
oil is also thoroughly dried before being put into the transformer. It 
is becoming more aud more the practice to ship the transformer, case 
and oil complete. This eliminates drying out and filling with oil on 
site, and most satisfactory results are being obtained. 

Moltors..— The manufacturing companies have been devoting a great 
deal of time and money to increasing the demand for electric motors. 
For years past they have been collecting information regarding the 
power required, cost of operating, etc., for all kinds of different work ; 
and this information placed in the hands of the so-called industrial 
expert enables him to talk intelligently, and to push the use of motors 
for various classes of work. It is quite customary for a man to specialise 
in one particular class of this work. 

Sewing machines, vacuum cleaners, phonographs, washing machines, 
coffee grinders, candy mixers, and numbers of other machines are 
driven by small motors. There is also an enormous demand for fan 
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motors of various kinds. One plant which I visited had been turning 
out fan motors at the rate of over 6,000 per month for the past year, yet 
by the middle of July their entire stock was exhausted. 

Measuring Instruments.—The most striking thing in this line is the 
enormous quantities which are manufactured. In one plant which 
I visited, they were turning out r,ooo alternating-current watt-hour 
meters per day. These meters are bcautifully made, and contain 
various adjustments and refinements not found on European meters, 
yet on account of the enormous output they are able to manufacture 
for much less than the same instrument could be made for in this 
country, in spite of the fact that the price of labour there is more than 
twice as high as in England. 

While the greater part of the large electrical machinery work 
and practically all the electrical railway work is done by either the 
General Electric or Westinghouse Companies, there is the keenest 
engineering competition between them. As a result they strive not 
only for the improvement of shop methods, but for advances in 
the electrical and mechanical design of their apparatus, and to the 
development of new and improved types. 

The prosperous condition of the large companies enables them to 
carry large engineering staffs, to support research and experimental 
laboratories, and to undertake the development of new lines of 
apparatus and of new electrical systems on a scale quite impossible for 
the manufacturers of this country. 

A majority of the best known electrical engineers of America are 
associated with the manufacturing companies, and the high average 
quality of papers read before the American Institute of Electrical 
Engineers is due largely to the fact that these engineers take an active 
interest in the Institute, and bring before it in the form of papers the 
results of their experiments and calculations. 

I propose now to discuss very briefly a few of the factors which 
influence the electrical manufacturing business and to point out some 
of the differences between Great Britain and America. The ones 
I shall refer to are :— 


. Technical education. 

. Labour organisations. 

. Municipal undertakings. 

. Governmental restrictions. 
. Consulting engineers. 

. High labour cost. 


хол - U N m 


1. Technical Educalion—I do not propose to discuss here the 
relative merits of the different systems of technical education which 
have been proposed, but, regardless of system, there is no doubt 
that Great Britain. is far behind both Germany and America in the 
extent to which technical education is adopted ; and by technical 
education I mean not so much the education of trade schools, as 
the higher theoretical training obtained at colleges and universities. 
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In Great Britain the general idea has prevailed that the proper 
way to make an engineer was to take the boy from school and put 
him in the shop, thus making a practical man of him, and the great 
success of British engineers and the wonderful development of Great 
Britain as a manufacturing nation seemed to give weight to this 
argument ; but the rate at which other nations that have adopted 
technical education are overhauling Great Britain has forced from 
our manufacturers an admission, more or less reluctant perhaps, that 
technical education is a thing to be desired for an engineer. 

Some fifteen or twenty years ago the "college enginecr’’ was 
looked upon with grave doubts by the majority of American manu- 
facturers, while the practical workmen and foremen did not attempt 
to conceal their contempt for the “college engineer" when he 
appeared in the shop, but the college man of America has made good ; 
he has shown that he is not afraid of hard and dirty work, and he 
has demonstrated beyond question that the training received at 
college enables him to outstrip the man of equal natural ability who 
has not had this training. 

To-day the manufacturing companies are competing for men before 
thev leave college, and it is not unusual for practically the whole 
graduating class in some of the colleges to have positions secured 
before Graduation Day, and with salary enough guaranteed at least 
to pay living expenses. І saw an advertisement in one of the 
American College papers, stating that a telephone company was 
prepared to take a certain number of college men on a six months' 
apprenticeship course, at a salary of £12 per month. If at the end 
of six months they were satisfactory, they would be taken on the staff 
at salaries depending upon the positions obtained. 

The American Westinghouse Company pays its college apprentices 
94. per hour ; the Westinghouse Machine Company slightly more than 
this, and these examples are fairly representative. 

The manufacturing companies also attempt to.foster a spirit of 
loyalty in the young college men who pass through their works, as 
these men are often of great help to them in securing business when 
they have taken up positions with operating companies, perhaps in 
foreign countries. German companies also appreciate the value to 
them of the graduates from their works, and probably most of us 
realise the difficulty of selling British-made apparatus to engineers 
who have received their technical training in Germany. It might 
make a marked difference in our electrical export trade if some of 
the young Continental engineers came to England instead of all going 
to Germany for their technical training. 

What do the electrical engineering firms of this country think of the 
college educated man? Go into the works of almost any large British 
manufacturing company, and you will find many of the best positions 
in the engineering departments filled by foreign engineers. Why? 
Certainly not because British manufacturers prefer foreigners, but 
because British educated engineers with the requisite training аге 
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not available. Great Britain needs better education for its young men, 
and it is the duty of this Institution to do all in its power to promote 
this better education, and I believe one of the best ways to do it is 
to inspire our embryo engineers with a desire to obtain a thorough 
theoretical knowledge, in addition to a practical training, even though 
this may delay the time at which they can become self-supporting. 
Create the demand, and means will be found to meet it. 

2. Labour Organisalions.—The electrical manufacturer of America 
has never been seriously hampered by those restrictions which labour 
organisations attempt to impose upon manufacturers here, and if Great 
Britain is to improve or even maintain her position as a manufacturing 
nation she must demand the same freedom as her competitors in deal- 
ing with this problem. The manufacturer should have the right of 
employing such labour as he cousiders best suited to the work in hand, 
while every workman should have the right and should be encouraged 
to improve the quality of his work, and to increase his output, thus 
improving his position and his rate of pay. Without these rights the 
British manufacturer and his workmen will be terribly handicapped in 
competing for the open markets of the world. 

3. Municipal Underlakings.—Municipal control of electric supply 
and tramways was never seriously undertaken in American cities, 
probably because the people took little interest in these matters, and 
capitalists, seeing the opportunities, were not slow to take advantage of 
them. To-day the tendency seems to be to leave this work in the 
hands of the companies, but to put limitations upon them, allowing 
them to make fair profits but insisting on good service and reasonable 
charges. 

The policy of the municipal undertakings in Great Britain in 
accepting the lowest tender is in part responsible for the cut-throat 
prices which rule to-day. This practice of awarding to the lowest 
bidder is carried so far that business is often given to foreign com- 
petitors, and though comparatively little work goes abroad at the 
present time, it is probably due more to the fact that ruling British 
prices offer little inducement to the foreigners than to any spirit of 
patriotism on the part of the municipalities, while the constant fear of 
foreign competition keeps prices at an unremunerative level. 

In America many of the large supply companies, traction com. 
panies, and especially the water-power companies, are controlled toa 
greater or lesser degree by one or other of the large manufacturing 
companies, and they offer excellent markets for electrical apparatus at 
reasonable prices. In general, the supply companies and the manu- 
facturing companies are in much closer relation than they are in this 
country. 

4. Governmental — Reslriclions.—Perhaps the greatest electrical 
development in America has been in traction work, and while a great 
part of this has been in the cities, there has been an enormous develop- 
ment in inter-urban railway lines—a field which has been scarcely 
touched in Great Britain, due to the expense of getting Bills through 
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Parliament, the jealousy of town councils, and the opposition of 
wealthy property holders along the proposed lines. Yet there is no 
doubt that high-speed electric railways through many parts of this 
country would be of great benefit to the sections served by them, and 
would prove great financial successes, provided excessive charges were 
not entailed in getting powers to build and operate. If the country 
once recognised the great desirability of electric inter-urban service, 
some way would be found for encouraging its extension by making it 
easier and cheaper to obtain the necessary powers. 

5. Consulting Engineers.—The large electrical manufacturing com- 
panies in America employ specialists in all departments of engineering, 
and it is generally admitted that these men know more about their 
particular lines of work than the consulting engineer can be expected 
to know. Thus the consultant in his specification tells what he wishes 
to accomplish, and asks the manufacturers to say how they can best 
obtain the desired results, and what guarantees they are prepared 
to make. 

In England the practice was for the consulting engineer to specify 
in great detail particulars regarding all the work to be done by the 
manufacturer. This was undoubtedly due to the attempt of the 
consulting electrical engineer to follow the practice set by the civil 
engineer, who, in dealing with many different contractors, found it 
necessary to specify exactly what was to be done by each, and how 
it was to be done. But in the manufacture of electrical plant the 
conditions are entirely different, and it is now becoming generally 
recognised by the more progressive consulting engineers that each 
manufacturer should be allowed great latitude in the design of his 
apparatus, as long as the specified results are secured. Undoubtedly 
consulting engineers can often be of great assistance to the designers, 
and where there is full co-operation between them, the most satis- 
factory results for all parties are likely to be obtained. 

6. High Labour Costs.—In America the demand for labour is usually 
greater than the supply, and the rate of wage at least double that in 
this country. This condition naturally creates a great difference in 
the demand for labour-saving machines, and is in part responsible 
for the enormous demand for small electric appliances. Whenever 
labour can be saved by means of a machine the machine is usually 
installed. 

Labour-saving devices could and will be used with advantage in 
this country to a far greater extent than at present, but the low cost 
and plentiful supply of labour does not make their introduction so 
imperative as in America, 
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C. FARADAY PROCTOR, Member. 


ABSTRACT. 
(Address delivered October 31, 1910.) 


I have felt that the rather exceptional experience of having been 
sent with Mr. James Swinburne in 1881 to start a new industry first in 
France, and subsequently in England, France, Belgium, and Germany, 
and later again in Paris, has enabled me to form an opinion of the 
difference between English and Continental methods, especially as 
regards the adaptability of the hands to the work to be done. In the 
first place, the foreigner surpasses the English work-hand in general 
personal neatness, and orderliness in work, and especially so in 
elementary education. On the other hand, the English girl has more 
initiative, courage, and nerve to overcome difficult processes, but the 
lack of neatness necessitates selecting very young girls, who give 
promise of tidy habits, and carefully training them, but often the most 
elementary education has already been forgotten. 

Since I sketched out the substance of this address, the interesting 
series of papers read before the British Association at Sheffield have 
come to hand, and I am glad to see many of them strongly 
support my argument that a more practical form of education is 
required. Sir G. Reid, in his short address at the British Asso- 
ciation meeting, says publicly what I have often said privately, 
that the modern student's knowledge is too much of the nature of 
a “gramophone record”; the information is there, but the human 
aspect is missing, and I think in many cases the effort of acquiring 
knowledge has so benumbed the power of using it, that it is only 
useful as a reference or as a book would be. "The present system tends 
to regard the successful passing of examinations as proof of the scholar's 
knowledge, but I contend that itonly proves hisability to pass examina- 
tions, and the true proof of the efficiency of his education is the ability 
to earn a good living for himself and a social position somewhat better 
than that inherited from his parents. 

Consider how rapidly a good engineering draughtsman or architect 
can take in the whole detail of a design and point out errors before the 
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quickest readers could possibly understand a tenth part of it, if 
described in writing, and how very few people are able to make even 
a tolerably good sketch. Every journalist is realising the value of 
illustration, but I am afraid that our schools still do not sufficiently 
insist on drawing being generally taught, but that they rather regard 
it as an extra. Sir John Gorst, in the address he gave at this College, 
said, “ It is advised that more technical and practical instruction should 
be given to the children of our elementary schools by replacing the 
'book schools' with what German educationists call * work schools.' " 

Mr. Blair in the early part of his paper at Sheffield referred to a case 
of a mechanical engineer with first-class honours finding it extremely 
difficult to obtain a post until he obtained influence to aid him. I can 
well understand the position. I have had to go through batches of 
letters from candidates applying for posts, and assist others in the same 
work, and even when a highly trained man is wanted, a long list of 
examinations successfully passed tends to depreciate the chance of 
success of the candidate, since it not only indicates a lack of practical 
experience, but shows a long experience at learning just how to grasp 
the particular information required for passing examinations without 
spending time on the many side issues that a less successful but equally 
studious man may have been observing, and which are essential in a 
man if he is to be of use in a factory. Again, a man who has devoted 
his energies to examination passing has obviously been gathering his 
information from books, whereas, in a factory, he will soon find that 
the process or processes he has to deal with are already far in advance 
of the best books on the subject, and his work will consist of a very 
close observation of the process (not books) and the noting of each 
slight alteration. 

Another very striking point made by Mr. Blair illustrates the waste 
that goes on in connection with the training of engineers, from a 
certain number of whom he succeeded in getting particulars as regards 
their future. He showed that under 3o per cent. are at engineering 
work, and 7o per cent. are engaged in teaching. Employers are 
blamed for not taking advantage of the theoretically trained man, and 
indeed are accused of prejudice against him, but I think any feeling 
they have is far surpassed by the rather open want of appreciation 
often shown by the theoretical student for his practical associates 
either in the college or works, resulting in the breach between the 
practical and theoretical sections of a works which often leads to want 
of efficiency, especially in the theoretical departments. Personally I 
think this breach between the theoretical and practical departments 
accounts for the inefficiency of much of our present work. 

In 1884, when I went to Lille to assist in the fitting up of the Lille 
factory, Mr. C. H. Stearn drew my special attention to having the 
platinum leading-in wires of the lamps clean. I have found that the 
highly trained student is apt to consider such a little question as dirt 
on a piece of wire as a matter for the foreman to see to rather than 
for himself to investigate. I had found it was possible to get the wires 
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actually sealed into the glass perfectly clean, and yet, when the lamp 
was finished, the wires in some cases were dirty, or at least black. Ву 
following the matter up, I discovered that the glass was being decom- 
posed, and the oxide of lead in it was being converted into metallic 
lead on one pole, and on my reporting the discovery to Mr. Stearn, he 
pushed the experiment still further, and succeeded in getting indi- 
cations of gas being given off at the opposite pole. I have mentioned 
this matter in some detail because I know of many somewhat similar 
cases where the want of a closer touch between the scientific and 
practical ability of a factory has caused heavy losses. For real economy 
or efficiency we must go still further, and have not only the practical 
and theoretical departments working together, but also the commercial 
department. 

From a theoretical point of view I think education must consist of 
two primary processes, namely, the impressing of a picture on the 
brain, and the cultivation of the brain in such a way as to enable it 
readily to receive the pictures, and to call them to mind at will. 
Profitable education must consist of the opportunities given to the 
brain of obtaining records and the choice and permanency of the 
records obtained, but supposing we have a large collection of good 
records, they are of little use unless they can be called to the front at 
appropriate moments, and even then it requires another and I think 
a still greater faculty, namely, that of secing how to fit in the various 
somewhat similar pictures or impressions in such a way as to make 
them of use when new conditions occur, and so enable the brain to 
form a new picture, and continually draw from its stock of records 
until what is called a completely new idea has been developed. 

Let me take for example the present method of making an incan- 
descent lamp. In La Lumiére Electrique, April зо, 1892, M. Falcou 
drew attention to there being ten different methods of constructing 
incandescent lamps, and especially rcferred to a design of my own 
which, to a non-practical man, looks very like the Edison design, but 
which actually introduced a saving of many thousands of pounds per 
ycar. Every engineer knows that sharp corners should be avoided, 
especially when large differences in temperature occur, such as in 
castings, and the same also applies to glass work. 

What I want to draw special attention to is the system that the 
brain has of adapting the various pictures or parts of them, one to 
another, until the idea is complete, and I contend that the overcrowding 
of the brain with records seems to crowd out the faculty of putting 
together the various ideas, or maybe the impression gets so permanent 
a set that it can only see the thing exactly as it was. Ithink, to some 
extent, this can be taken as an explanation why some inventors or 
originators are bad spellers, for they only have a general idea how the 
word is written, whereas the brain that cannot see another way of 
spelling is (shall I say for my own sake ?) wanting in originality. Of 
course, there must be a proper balance of ideas, or, I might say, 

intensity of the pictures, and I believe to a great extent the rapid 
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progress that other nations have made as compared with ourselves is 
owing to a better view of the ultimate object. 

I am told that in Germany a clear understanding of the problem to 
be treated is regarded as of paramountimportance. In France I know, 
from many professional friends, that one of the most difficult examina- 
tions that a professional teacher has to pass is that of lecturing to his 
examiners as if they were young students, thus being restricted to the 
most simple language. I cannot but feel that in some cases at home 
our lecturers assume that their audiences have a greater interest, or 
knowledge of the subject, than is often the case. America, again, is a 
most striking example. Their success, I consider, is due to their clear 
view of what might be called the meeting-point of every problem, 
namely, does it рау? The very suggestion of the word, I know, grates 
on the delicate ears of some pure scientists, or professional men, and 
yet even } per cent. greater efficiency in a machine, or the suggestion 
that a little bit of powder-like radium can have any superfluous energy, 
is of immense interest. Then why not also study how to show the 
rising generation, by a few simple pictures, all that we have so 
laboriously learnt, and thus leave their minds and brains clear enough 
to grasp the much larger field of knowledge that is every day opening 
up before them ? 

Many of my friends accuse, nay, even blame me, for finding imper- 
fections in my own countrymen, but I maintain that it is by seeing our 
own deficiencies that we can hope to maintain the lead that we used to 
have in many industries, which is certainly less to-day than it used to 
be, and I am afraid has not been replaced by any new industry. Take, 
for example, America, who, although she pays Io to 20 per cent. higher 
wages, can, and is, selling thousands of pounds' worth of machinery 
in England. Germany is not only selling large quantities of small 
electrical fittings, but also considerable quantities of heavy electrical 
machinery. 

While in Paris I visited the paper-mill of a friend, and was much 
impressed by his mentioning that he bought scrap paper in England, 
was re-making it, and selling it again in England. From a Board of 
Trade return point of view it would increase our exports and imports, 
but is it economy? I tried to get a local paper-maker to take up 
the idea, but I found that the mill had been shut up because it did 
not pay. 

We used to be large glass workers, but our workmen would not use 
our improved methods. The trade went to Germany, who did do so. 
When we wanted glass workers for lamp making, we had to go to 
Germany for them, and pay from £5 to £8 per week for a poor days 
work, with the result that we trained girls, who now, by the aid of 
machinery, do twelve times the amount of work. At first it was 
feared that the business of incandescent lamp making would eventually 
become a German business, and one English maker still imports large 
qeantities of German-made lamps for the English market, but we can 
certainly claim’ to be selling a large quantity of English-made lamps 
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abroad. On the other hand, I think it must be admitted that Germany 
sets the pace as regards electric lamp bulb making. Of course, many 
millions of bulbs are made in England, but I do not know of any one 
being able to export them at a profit, and why not? Is it the labour or 
the capital? The materials are as near to us, and, I believe, quite as 
cheap. Some people suggest other reforms than a more practical 
education, and, indeed, one large manufacturer, who often advocates 
drastic reforms (at least as revolutionary as I want) has proved that 
even the long-established Continental business of telephone making can 
be wrested from the foreigner (who has the advantage of good wood 
supplies) and made at a profit in England ; and I contend the secret is 
simply a good or real combination of capital and labour, theory and 
practice, backed, of course, by good commercial ability. 

I have already expressed the hope that my hearers will not accuse 
me of depreciating the abilities of the Britishers, for nothing is further 
from my mind. When once stirred to action, I believe no nationality 
is more capable, either individually or collectively, of working either 
for its own good or that of the world in general. Gentlemen, the 
problem is how can we be roused up sufficiently to obtain a majority in 
favour of greater efficiency in life and learning. 
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THE POWER EQUIPMENT OF COLLIERIES. 
SAM MAVOR, Member. 


ABSTRACT. 
(Address delivered November 8, 1910.) 


In the address, which it is the duty and privilege of your Chairman 
to present, an attempt may be made to survey the various fields of 
activity of the members, giving a retrospect of past achievement, a 
review of the present position, and a forecast of future progress, or the 
address may be devoted to treatment of a subject or subjects of special 
local interest. 

At a time within the professional or commercial career of many of 
us, the making of a general survey of electrical engineering was a 
brief and simple task, but developments have been so rapid, so varied, 
and so great in magnitude and importance, that it is no longer 
possible, within the limits of an address, even to touch their fringe. I 
therefore adopt the latter alternative and shall submit a few observa- 
tions on a subject of intimate interest to this district. 

As individuals we cannot now, as formerly, keep our information 
abreast of modern developments in every branch of electrical work. 
On the contrary, diversity of opportunity has had the paradoxical effect 
of driving us into specialisation. 

Even when our profession is viewed from the standpoint of our 
Local Section the horizon is wide. This neighbourhood is fortunate 
in possessing a great variety of industries, and it is safe to say that the 
electrical engineer has points of contact with nearly all of them, and 
he has made himself indispensable to many of the most important. 

An endeavour to make a comprehensive survey of electrical 
engineering in this district alone would be a considerable undertaking, 
and would cover ground which is already familiar to most of you. The 
time at our disposal will probably be most suitably occupied with a 
department of work which has large possibilities of expansion locally, 
and I propose to present some considerations on the application of 
electric power at collieries. The subject was dealt with some years 
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ago by a former occupant of this chair, but its sphere exhibits so many 
aspects that further examination of it may not be unprofitable. 

I shall further venture to make references to, and comparisons with, 
Continental practice with which frequent visits to the European coal- 
fields have made me somewhat familiar. 

The introduction of electric power has been an inestimable boon to 
many industries, but to none are its services of greater value than to 
coal-mining. This was quickly recognised, and few departments of 
electrical engineering have had so much attention devoted to them as 
this branch of work. 

In recent years the demands for power at collieries have been 
greatly augmented. Formerly the requirements were only for 
ventilating, pumping, hauling, and winding. Now, developments in 
the practise of coal-mining, and in treatment of the product, have 
entirely changed the conditions in respect of power supply. 

Acceleration of the rate of hauling and winding, especially in the 
deeper collieries, increased pumping, a higher standard of ventilation, 
the replacing of manual and horse haulage by mechanical means, and 
the introduction of coal-cutting machines and face conveyors, have all 
contributed to increase the power required in the mining and raising 
of coal. 

The additions to the requirements for power do not end here. 
After delivery of coal to the surface a new set of demands is 
made. 

Contrast the simple pithead arrangements of twenty years ago 
with the imposing structures, and the various and elaborate machinery 
included in the surface equipment of a colliery of to-day. 

Competition in the market necessitates the supply of screened and 
washed coal of many sizes, and power is absorbed in treatment and 
improvement of the crude product of the mine. "The screening plants, 
and the washeries in which Germans have taken the lead, and often 
by-product recovery plant in connection with coking ovens in which 
Germans have again taken premier place, in conjunction with the 
increased underground requirements, have introduced a completely 
new set of conditions in respect of the development and distribution 
of power at collieries. 

The colliery manager is seldom a specialist in economical power 
production. On the contrary, his multifarious and exacting duties 
have prevented him from devoting adequate attention to the subject. 
He has been accustomed to consider power plant an unwelcome but 
necessary accessory to his mining operations, and knowing that what- 
ever the cost in fuel, it is unimportant relatively to the advantages 
derived, he does not inquire too closely into the coal consumption. 
Provided the power plant unobtrusively serves its purpose of contri- 
buting to the enlargement and value of the output, and does not by 
breakdown assert its presence, the manager has been content. 
Extravagant fuel consumption is only noticed as an increase in the 
ratio of coal burned to the total coal raised, and it is swamped in other 
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fuel extravagance which the manager has neither the time nor the 
qualifications to investigate. 

Under the changed conditions the cost of power at collieries which 
was formerly looked upon as relatively unimportant has by the 
increasing size of power plants become endowed with considerable 
absolute importance; further, stress of competition in the world's 
coal markets and rising wages at home impose the necessity of check- 
ing waste when located. As a result the coal owner and the colliery 
manager now realise that in dealing with the problems associated 
with power production the aid of a specialist is indispensable. The 
electrical engineer, whose scientific training and exact methods of 
measurement have enabled him to deal in detail with these problems, 
has established himself in the premier position in this department of 
engineering. To the electrical engineer, therefore, is often allotted the 
duty not only of planning the electrical arrangements, but of under- 
taking the whole scheme of power production and distribution. 

A little has been done in modernising power plant at our collieries, 
but relatively only a little. The field for the power engineer is co- 
extensive with our coal-fields, and the present extravagance of fuel 
would be appalling if it were not the measure of our opportunities. It 
is unnecessary to give examples to illustrate existing conditions; you 
are familiar with them. It may, however, be recorded that there are 
collieries in England to-day yielding considerable outputs, where banks 
of boilers are installed underground, far inby from the pit bottom; 
the return airway and upcast shafts being used as flues. 

The mechanical engineering of Continental collieries generally 
differs from ours in respect of the greater elaborateness and the style 
of the equipments. The scale of capital expenditure would in this 
country be considered ruinous ; judged by our standard the extra- 
vagance is often profligate. Spacious and lofty power houses are the 
rule. Stained glass windows, ornamental balustrades of hammered 
iron gilded, plush curtains pendant from lacquered brass over the 
doorways, not infrequently decoration of growing plants and flowers, 
and attendants in spotless clothing of washing material, give a key 
to the style of modern Continental colliery practice. 

The plant in appearance and finish is worthy of its surroundings. 
Generous provision is made of spare machinery, and one of the most 
noticeable features, common to all industrial equipments in Germany, is 
the profusion of automatically recording and measuring instruments. 

The same scale of extravagant treatment is applied to the power 
using plant; similarly the elaboration of detail is apparently much 
overdone. : 

As with the materiel, so with the personnel ; the colliery manager's 
standard of qualification is much higher than in this country, and he 
has at command a highly educated staff of mechanical and electrical 
engineers. 

The methods of colliery finance, the lower rates of wages, the 
longer working hours, and the higher prices obtained for the pro- 
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duct, give latitude in expenditure which few of our collieries can 
afford. 

The capital expenditure on Continental collieries not unusually 
amounts to £1 sterling per ton of coal produced per annum. In this 
country the average is about 10s. per ton per annum. The difference 
is in some cases partially due to the greater difficulties of mining, 
but it must be chiefly attributed to the more expensive scale of 
equipment. It is quite certain that a similar scale of expenditure can 
rarely be adopted in this country. 

While there is much of suggestion for us in the Continental practice, 
there is also much of warning, especially in respect of over elaboration 
of detail. Multiplication of appliances can only be justified by 
economies of fuel or of labour, but it is not the case that in the 
elaborately equipped Continental collieries the output is handled by 
fewer men than in this country. The contrary is true. 

The output of coal per man underground and on the surface is, in 
corresponding seams, higher here than abroad, and it is a constant 
matter of surprise to foreign visitors that the large outputs of many of 
our collieries are obtained with plant apparently inadequate, and are 
handled at the pit-bottoms and pit-heads by numbers of men that else- 
where would be considered quite insufficient. The explanation lies in 
the fact that while Continental colliery managers are engineers rather 
than pit-men, our managers, although less highly educated, are better 
practical miners, and plan their operations and coal-handling plant 
with the primary view of saving labour. 

If our Continental friends have been extravagant in their power 
equipment we have as surely been parsimonious. Between these 
extremes there is ample room for a middle course, and much may be 
done at our collieries without risk of exceeding the limits of prudence. 

The diversity of conditions under which power must be produced 
and used at collieries gives ample range for variety of treatment, and 
affords many opportunities for the exercise of initiative and the applica- 
tion of experience. It is beyond the scope of this address to make 
detailed reference to any of the problems of the economical generation 
and utilisation of steam, or to the place which may be taken by large 
power gas engines at coking collieries. 

Recent progress has made available an almost embarrassingly wide 
choice of plant and appliances, designed to effect economy of fuel, 
directly in steam raising or indirectly in steam saving. So far as 
collieries are concerned, no line of development has been so important 
as that of turbine machinery, and this branch only will be noticed. 

Turbine machinery of to-day owes its position to association with 
electric generators and motors, and it is about to repay handsomely its 
debt to the electrical engineer, by enormously increasing the demand 
for turbo generators and high-speed motors. 

The turbo blowers, and turbo air compressors of large size, and the 
turbo pump of all sizes now at work, and the results obtained from 
them, render it certain that reciprocating machines for the purposes 
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indicated will be as completely swept off the field as have reciprocating 
engines of large size for electric generators. 

It is to be regretted that the Germans, to whom this country gave a 
lead in turbo machines, have been allowed to go far ahead of us. That 
they have done so is beyond question. The fact is patent to those who 
have seen the latest developments in Germany. Turbo air compressors, 
in sizes up to 16,000 H.P., are being sent from Germany to the Rand, 
and rendering obsolete the large reciprocating compressors to which 
the leading makers in this country still cling. 

The extent and character of the German work in mining turbo 
pumps is well known. 

In condensing plants turbo pumps have ousted reciprocating 
pumps in the latest power stations. The new practice is to mount 
on the same base, and couple together, a turbo circulating pump, 
a turbo air pump, and a steam turbine to drive them, and a high. 
pressure turbo pump is also adopted for feeding the boilers. In 
many stations not a piston, not a crank, not a single piece of re- 
ciprocating machinery is at work ; it remains idle as a contrast with 
the beautiful simplicity of the rotary machines, only until the 
valuable space it occupied is required for extensions of the turbo 
generating plant, with its turbo accessories. While high efficiencies 
are claimed and undoubtedly obtained from the newer appli- 
cations of turbo plant, it is not to be supposed that every difficulty 
has been solved. А high standard of excellence in respect of 
efhciency and durability has been established by long practice іп 
reciprocating appliances, and the new rival must confirm its claim 
step by step before receiving general acceptance. Our enterprising 
competitors are ahead of us in this department of engineering, and 
they are increasing their lead ; the cream of the business in foreign 
markets is their reward. In France, for example, where there is 
a decided preference to purchase from Britain, our turbine machinery 
is considered out of date, and plant of this type, other than that 
made in the country, is imported from Germany. Makers of turbine 
plant in this country may be reluctant to admit that they are lagging, 
but the fact is that we are losing business in neutral and even friendly 
markets, because the purchasers believe that our practice is not 
sufficiently advanced. 

It is true that the conditions under which new types of plant 
are developed and exploited in Germany and in this country are 
different, but these cannot be dealt with here. The statement must 
suffice that in a new branch of engineering which has experienced 
magnificent expansion, we were in front, and our present position 
is in the rear. 

It is not suggested that British makers are not following, but 
their present position is that of followers, not of leaders, in this 
important field. 

The problem of improving an existing colliery plant and reducing 
fuel consumption is much more difficult and complicated than that 
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of designing a power station for a new colliery. But in the case 
of an existing colliery the engineer had the advantage of available 
data as to the actual demands for power by the various services ; 
whereas in an undeveloped colliery the requirements are to a con- 
siderable extent problematical and must be estimated. In dealing 
with old collieries the financial factor is frequently the predominant 
one, and the replacing of obsolete and uneconomical machinery 
may be commercially impracticable. When the colliery has a short 
life, or when the correction of past errors is too costly, the enduring 
of current waste is often rightly preferred to the incurring of 
capital expenditure, and all such cases must be approached with 
great caution. 

At collieries of considerable size, where the present and prospective 
financial conditions warrant drastic treatment of fuel waste, or where 
additional power is required, the mixed pressure turbine is rapidly 
taking the place to which its characteristics so singularly well adapt it, 
and a wide expansion of its use is inevitable. Within the limits of its 
range of application it provides a most valuable means of reducing 
fuel consumption at collieries. The capital cost of the mixed pressure 
turbine, with its condensing accessories, is, however, relatively high, 
and will be prohibitive in cases where the value of the fuel is so low 
that the saving effected is insufficient to balance the capital charges on 
the plant. 

Frequently the problem of reducing fuel consumption can be 
associated with the provision of additional plant for machine-mining 
and other purposes. When the mixed pressure or the exhaust turbine 
is adopted, its tendency to eat its own tail is to be noted. An ample 
supply of exhaust steam from uneconomical engines may at first be 
available, but the electric motor has a way of displacing these engines, 
and as the electric load increases the supply of exhaust stcam 
diminishes. 

Whether the power supply contracts fairly favourable to the 
colliery companies which are now current can be renewed on the 
same terms remains to be seen. The fact that at many collieries 
certain classes of fuel, and at others gas from coking ovens, are merely 
by-products of little or no saleable value, must continue to restrict the 
sphere of supply companies so far as collieries are concerned. 

For new collieries, where it is desired to prove the seams, and to 
carry out the initial stages of developmentat the lowest capital expen- 
diture, the supply of power at a moderate price from an outside source 
is a great boon. Power companies have also enabled many collieries 
to avail themselves of the advantages and convenience of clectric 
driving without incurring the heavy cost of generating plant. The 
ultimate place of the power supply stations in relation to collieries is 
still uncertain. 

Of the power-absorbing operations at a colliery the winding of 
coal is the principal in respect of magnitude, and in electric winding 
the Germans have given us a strong lead. Notwithstanding the advan- 
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tages of the system, its high cost has, in this country, impeded its 
adoption. Large concerns which can operate a group of pits from 
the same power station are in the most favourable position to avail them- 
selves of the system. А number of equipments of high power, most of 
them German, are already installed or in process of erection. The 
restrictions which power supply companies find it necessary to impose 
in regard to fluctuation of demand upon their mains have checked the 
use of the system where otherwise it would have been adopted. Many 
ingenious and expensive devices have been elaborated with a view to 
overcoming this difficulty ; later developments indicate the probable 
effectiveness of simpler and less costly apparatus, and a successful 
issue of experiments now in progress would give an impetus to electric 
winding, to the benefit alike of the coal owners and of the supply 
companies. 

After winding, the pumping of water is usually the service which 
demands most power. In this department the turbo pump is surely 
ousting the reciprocating type, and here again the Germans have 
been the leaders. Where large volumes of water were to be dealt with, 
the Continental practice a few years ago was to use reciprocating 
pumps of the express type, driven by slow-speed motors on the crank 
shafts. Many ponderous machines of this type, which were generally 
duplicated, now stand idle in their vast underground caverns, and 
serve as standby to electrically driven high-speed turbo pumps. 

The freedom with which costly existing plant is discarded in favour 
of modern appliances, is a notable feature of Continental colliery 
engineering. That turbo pumps will become almost universal in this 
country for mining work cannot be doubted; their compactness, 
simplicity, and satisfactory efficiency ensure for them the premier 
place. Many of our manufacturing engineers are alive to the necessity 
of developing this branch of work, and it is to be hoped that they will 
soon outstrip foreign competitors. 

The use of compressed air for power distribution will always remain 
a necessity at the large number of collieries where the working of 
gaseous seams prevents the inby use of electricity. At such collieries 
the power absorbed in compressing air is a considerable portion of the 
total power developed. 

During the past seven or eight years experimental work has been 
in progress both in France and in Germany in connection with turbo 
air compressors, and the result is seen to-day in the orders captured 
. by our rivals for immense plants of this type, in which the individual 
units approach 20,000 H.P. The practice in this country is 
still to install cumbersome reciprocating engines, often in units of 
2,000 to 3,000 H.P. Now that the turbo air compressor is an 
established fact it is time for our engineers to take it up. A rich 
harvest awaits the successful pioneer. In default of a move being 
made we shall shortly see modern turbo compressing plant of foreign 
origin ousting the obsolete reciprocating machines, and again we shall 
have to start a long stern chase to recover lost business. In passing 
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it may be noted that for driving turbo compressors electric motors as 
well as steam turbines will find a place. 

In the driving of underground haulages main and auxiliary, the 
electric motor has gone far in displacing other methods. Electrical 
engineers in this country are much to blame for not more strongly 
urging the use of slower speed motors for this service, and for driving 
reciprocating pumps. For smoothness of working, reliability, and en- 
duringly satisfactory results, the essentials are ample reserve of power, 
and moderate or slow speeds. Not only is the high-speed motor, 
especially of the continuous-current type, more liable to give trouble, 
but the tendency is increased by the vibration attending the additional 
gearing, and by the higher ratio of speed reduction at each step. 

For operating auxiliary haulages a wide field is open to the electric 
motor. There is still far too much manual haulage in our mines. This 
is the most expensive kind of haulage. Itis not work for men, and it 
should be reduced to the minimum. In the replacing of horse haulage 
also there is considerable scope. Much attention has been given to this 
branch, and motor-driven haulage gears of compact design are available 
for every variety of service. 

In underground haulage, practice on the Continent has been de- 
veloped along lines different from ours, and similar to the American 
system. There, except on inclines, a haulage rope is rarely seen. The 
use of locomotives is almost universal; they are operated by gasoline, 
benzine, or compressed air, and in open lamp pits sometimes by 
electricity from trolley wires. While the locomotive certainly has 
advantages in the assembling of trains, there can be little doubt that the 
rope haulage system as used in this country is the more economical. 
The difference in practice is interesting, and it is not accounted for 
by difference in the mining conditions, but rather by the personal 
predilections of the officials. 

For drilling or otherwise removing material too hard to yield to a 
tool with a cutting edge, the percussive machine has no rival. The 
endeavour to provide an electric percussive tool with sufficient force 
and sharpness of impact having failed, resort has been had to electric- 
ally driven inby air compressors for operating pneumatic tools. This 
arrangement is now widely used, and in the service the electric motor 
has incidentally demonstrated the high cost in power of these tools. 
In some recent forms of electric pneumatic percussive machines, 
substantial gain in efficiency has resulted from the adoption of a closed 
pneumatic circuit for individual machines. This system might with 
advantage be extended to groups of machines operating in close 
proximity, as in pit sinking, and in the larger tunnellings near shaft 
bottoms. 

Attempts have also been made to utilise inby compressors for 
operating Longwall coal-cutters, but these, with one or two qualified 
exceptions, have failed, owing to misunderstanding of the problem, 
which is entirely different from that of percussive machines The 
percussive type requires from 50 cub. ft. to 100 cub. ft. of free air per 


1910.] OF GLASGOW LOCAL SECTION. 111 


minute compressed to a pressure sufficient to give sharpness of impact. 
On the Continent, where tools of this type are much more extensively 
used than in this country, the tendency is towards higher pressure, and 
IIO to 120 lbs. in the later plants is not unusual. The percussive 
tool is essentially intermittent in its demand for air ; it is rarely con- 
secutively at work for more than a few minutes, and an air receiver is 
therefore valuable in increasing the number of tools which may be 
operated from a compressor of given size. 

The conditions in respect of Longwall coal-cutters are essentially 
different. These machines require, not a small volume of air at high, 
but a large volume of air at relatively low pressure. As the demand 
for air amounts to 400 to 700 cub. ft. of free air per minute per 
machine, and as the machines frequently operate continuously for 
periods of зо to бо minutes, it is obvious that receivers as air 
reservoirs are useless. A closed air circuit for Longwall coal-cutters is 
impracticable owing to the size of flexible hose which would be required 
for the exhaust. The highest attainable economy of the system would 
be realised :— 


I. By keeping the pressure within the practicable limit of adia- 
batic compression—35 to 40 lbs., and thus avoiding loss of 
heat by water jacketing and the resulting reduction of 
volume of compressed air. 

2. By covering the piping with heat-insulating material, and 
delivering air to the coal-cutter at a temperature of over 
200? F. 

3. By the use of cylinders in the coal-cutters of sufficient size to 
develop the required power with an earlier cut-off ; expansive 
use of air in the cylinders without freezing of the exhaust 
being rendered possible by the supply of warm air to the 
coal-cutter. 


'The combined effect of the economies so realised is to reduce the 
size of the electric motor required by about 40 per cent. Even after 
this is done, the capital cost is so high that the arrangement can only 
find a very limited sphere of application. 

Recent prosecutions for alleged infringement of the Special Rules 
for the Use of Electricity in Mines, although involving considerable 
individual hardship, have also had a salutary effect in impressing upon 
colliery officials their responsibilities in respect of the quality and good 
care of the electrical equipment under their charge. The result is 
apparent in anxiety of those concerned to secure the best, instead of 
as formerly the cheapest, equipment. Now that there is a general 
demand for the best that can be produced, there is the strongest 
inducement to manufacturers to incorporate in their designs the results 
of recent experience and suggestion. Too much of the plant and 
accessories used for underground work has been produced without 
adequate knowledge of the conditions of service, and more intimate 
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understanding between users, installers, and makers is essential to the 
close adaptation of the appliances to their purposes. 

The evidence submitted this year to the Departmental Committee 
by witnesses representing colliery owners, colliery managers, manu- 
facturers and contractors will, when published, be found to contain the 
most competent, authoritative, and valuable body of opinion yet col- 
lected. The report of the committee and the proposed modification of 
the existing Home Office Rules are awaited with much interest. There 
still remain, however, several matters of prime importance and general 
interest, on which satisfactory evidence was not produced, because it 
does not exist. We do not know, for example, whether the motors now 
being made and used as “ flame-proof " are to be relied upon for this 
quality, and the same may be said of switch-gear. A few manufacturers 
have made tests of their apparatus, and may be in a position to say that 
under certain conditions flame will not be communicated from the 
interiors; but the extent of our knowledge of the subject is quite 
unsatisfactory. A series of tests concerned with elementary stages of 
the problem were conducted by Mr. W. E. Earforth at Altoft's Colliery 
in 1903. Since then an association of German manufacturers organised 
a series of experiments which carried information on the subject con- 
siderably further, but still leave many important points to be elucidated. 
The results of these German tests were not available to English readers 
until two years later, when they were embodied in a paper presented 
to this section by Mr. Simon. There is urgent need for a thorough 
experimental investigation into the whole subject of enclosure of 
motors and accessory apparatus, in order that the conditions essential 
to safety may be ascertained and authoritatively stated. Until such 
research has been carried out with adequate apparatus, by a competent 
staff, we shall be withgut a sure basis for design. 

An experimental gallery suitable for such tests exists at Woolwich 
Arsenal, but it seems unlikely that the Home Office will take the initia- 
tive in the matter. Another gallery, on a larger scale, provided by an 
Association of Colliery Owners, is erected at Altofts Colliery in York- 
shire. This gallery has a very complete equipment of apparatus, and 
a now trained staff is conducting an exhaustive series of experiments 
into the problems of the origin and propagation of coal-dust explosions. 
On completion of the present experiments, might not this gallery and 
the experienced staff, with such addition as the special nature of the 
enquiry requires, be utilised for the determination of the conditions of 
safety requisite in electrical apparatus for use in situations where gas 
or explosive dust may accumulate? The expense of the experi- 
ments, if shared by colliery owners and electrical manufacturers, would 
not be a heavy tax on any one, and it would not be difficult to find 
a committee which would give the stamp of authority to the published 
results. 

Probably no branch of electrical work has been the subject of so 
much discussion during the last eighteen months as the use of elec. 
tricity in mines. А deluge of articles has appeared in the technical 
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journals, papers have been read in the institutions, and torrents of 
controversy have been let loose. When the somewhat turbid flood is 
filtered, much useful information emerges, especially that contributed 
by those experienced in the operation of colliery plants; on this 
source manufacturers must to a large extent rely for guidance in design 
of accessories. The educative influence on colliery managers of the 
controversy has been most useful. 

Fortunately for Scotland, the majority of the mines are relatively 
safe from the appalling dangers associated with gas and dust, and it is 
therefore possible for us to utilise electricity underground with a 
freedom which is denied to some other districts. Under the condi- 
tions obtaining in most of our collieries, it is neither necessary nor 
desirable that the use of electricity should be subjected to the same 
requirements and restrictions which may be reasonably applied under 
other circumstances. It is also to be remembered that many of our 
collieries are small and cannot support a staff with the same qualifica- 
tions as may be expected at a large colliery ; the electric equipment 
should therefore be of the simplest possible kind, and delicate auto- 
inatic apparatus should so far as possible be avoided. 

Time does not permit more than a passing reference to the dis- 
tribution of power by compressed air. In view of the very extensive 
and permanent place in mining in this country of the compressed air 
system, and the large size of many of the existing plants, the general 
neglect of the conditions essential to an even moderate degree of 
efficiency is surprising. 

There is good ground for the statement that the realised efficiency 
of the system seldom exceeds 25 per cent.; it is often much less. 
Many users of compressed air in mines may question this, but they do 
not know how badly they are doing. They are at a disadvantage as 
compared with users of electricity in not having available instruments 
of precision for the measurement of rate of flow, but air pressure is 
easily measured, yet the simple and easily applied pressure gauge is 
rarely seen underground. So long as pumps continue to pump, and 
haulage gears to haul, no questions are asked as to efficiency. When 
special occasion arises to introduce a pressure gauge—that is, when 
some machine refuses duty—the pressure is frequently ascertained to 
be less than half of that maintained on the surface. Even when the 
arrangements on the surface, and in the shaft and main roadways, are 
well designed and executed, they are rarely so continued, into what 
may be termed the area of movement in the mine. These are not 
loose statements, but are based on wide acquaintance with compressed 
air plants in English and Welsh collieries. 

Whether low air pressure, with smaller losses in compression and 
larger losses in pipings, is better for colliery work than high air pres- 
sure involving greater losses in compression and less loss in trans- 
mission, is too large a subject to be dealt with here. Continental 
practice is in favour of the latter method, and it is probable that under 
the conditions of service the efficiency realised is the more satisfactory, 
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even when a considerable proportion of the air is used for driving 
machines which do not inherently require high pressure. 

The foregoing considerations have had almost exclusive reference 
to surface equipment, and to the general power service of the mine. 
Without prejudice to the importance of efficiency and economy in 
these departments, it may be pointed out that they are merely 
secondary and accessory to the primary operation of winning the 
coal in silu. That so much attention and capital have been devoted 
to the surface and general equipment of modern collieries, while so 
little relatively have been expended upon direct attack on the coal by 
mechanical appliances, is the more surprising in view of the immense 
interests concerned, and of the arduous character of the manual 
operation of hewing. It is singular that coal-mining—one of the 
most ancient and important of our industries—should be the last to 
avail itself of the aid of machinery in its primary process. It is still 
not unusual for collieries to be sunk and equipped at cost of six figures, 
without serious consideration of machine mining. Acute difficulty of 
obtaining sufficient output, especially during the earlier stages of 
developing the workings, often forces the introduction of machines 
upon formerly indifferent or reluctant officials. When new collieries 
are sunk by companies already experienced in machine mining the 
course is very different ; a well-considered scheme of machine mining 
is an integral part of the general policy, and it comes into operation 
directly the shaft pillar is pierced. 

Attention to reduction of fuel consumption at existing collieries is 
well bestowed, but the importance of effecting such economy depends 
upon the value of the fuel used. In Scotland the average coal con- 
sumption at collieries amounts to about 7 per cent. of the total quantity, 
not value, of the coal raised. At an average value of 2s. 6d. per ton, 
the fuel used would, therefore, cost about 2d. per ton on the total coal 
raised. Assuming that the coal consumption could be reduced by 
50 per cent., thus saving 1d. per ton on the whole output, the question 
remains : Could the capital expenditure required to cffect this be so 
invested as to realise a greater saving? In many, probably in most 
hand-worked collieries, it could be invested to better advantage. Fuel 
is a small item relatively to mining costs. The cost of labour at and 
close to the working coal face, may be said in this district to vary 
between 2s. and 3s. 6d. per ton, according to thickness of seam and 
other conditions. The first place to attack costs is where costs are 
highest. In a nutshell, a 1d. per ton saved from the mining costs is, in 
this district, worth half the fuel bill. 

How are the mining costs to be reduced? By the application of 
machines. In seams suitable for machine-mining coal-cutters are a 
first-rate investment. The possibilities and limitations of these 
machines are now fairly well understood, but with growing experience 
the former are steadily expanding and the latter are shrinking. It 
certainly does not state the case for coal-cutters too favourably to say 
that the average saving effected by them in Scotland amounts to od. 
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per ton ; it often amounts to double this figure, and many seams are 
worked by machines which could not be worked at all by hand. 

One of the most far-reaching benefits conferred upon the coal- 
mining industry by electricity is the facility which it affords for the 
application of machinery at the coal-face. The coal-cutting machine 
with compressed air motor was used half a century ago, but not 
until the advent of the electric motor did the coal-cutter secure the 
position to which it is entitled. The compressed air machine 
has been developed and improved simultaneously with the electric 
type. | 

It is satisfactory that in the manufacture and use of Longwall coal- 
cutters we are so far ahead of foreign competition that we are alone in 
the field. In Great Britain Longwall mining of coal originated, and 
here, therefore, machines adapted for this system have been de- 
veloped. 

The Longwall system for working seams of moderate thickness is 
finding increasing favour all over the world. To this country, foreign 
mining engineers come for guidance in applying the system, and from 
here Longwall coal-cutters are shipped to nearly every country where 
coal is mined. | 

The Germans who, excelling as surface engineers, have gone far 
ahead of us in many departments of colliery equipment, are not the 
equals of our managers as practical miners, and have everything to 
learn from us in Longwall machine-mining. 

On the other hand, reference may be interpolated here to the ad- 
mirable systems practised in Germany and Austria for working thick 
and inclined seams, compared with which the methods now in vogue 
in Staffordshire are archaic. 

The introduction of the Longwall coal-cutter is the beginning of a 
revolution in the practice of mining in this country. The mining of 
the future is to be “ machine-mining,” and to this term a new and wide 
significance is to be attached. The mere application of a coal-cutter 
to a seam difficult or impossible to work by hand is not machine- 
mining. Machine-mining is a system of intensive mining, in which the 
whole sequence of underground operations is based upon, and co- 
ordinated with, the coal-cutter as the productive unit. This proposition 
is understood and acted upon by only some of the more experienced 
users of coal-cutters ; unless and until it is intelligently accepted, the 
benefits of machine-mining cannot be fully realised. 

An effect of the Longwall coal-cutter is to produce a greatly 
increased output from a given length of working face, and as a 
consequence it has introduced an entirely new problem—that of prompt 
removal of a relatively large quantity of coal from a small area. This 
necessity has brought the mechanical conveyor to the coal-face in 
the wake of the coal-cutter, and, in turn, the conveyor by delivery 
of a large quantity of coal to a single roadway has introduced another 
problem—the provision of a copious and uninterrupted service of 
trams to receive and remove the coal from the conveyor. Following 
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the conveyor, therefore, must come reorganisation of the auxiliary, and 
frequently also of the main haulage arrangements. 

In an organisation so complex as a modern colliery one innovation 
leads inevitably to another. 

No sooner is one operation accelerated than the necessity for 
quickening another becomes apparent. The penalty of lack of syn- 
chronism in the cycle of operations concerned in the winning of the 
coal, loading of it into trams, hauling of trams to the pit bottom, 
winding the trams to the surface, and the return of empty trams 
to the face, is sacrifice of the benefits of acceleration of any individual 
process in the cycle. The advantage of accelerating at one or more 
stages cannot be fully realised until the whole system is co-ordinated. 
The rate of flow of coal from the face to the surface is controlled by 
the slowest process in the series. Whenever the conditions are 
favourable to the use of coal-cutters, the problem is no longer the 
mining of the coal, but its prompt removal from the working face. 

Machinery at the coal-face has increased the output per man, and 
has reduced the ratio of personal accidents to tons of coal pro- 
duced; but, although statistics on the subject do not exist, the 
indications are that machinery has not affected the ratio of personal 
accidents to persons employed. In other words, machinery has not 
reduced, although it has not increased, the hazard to the individual 
miner. It may be here pointed out incidentally, that in respect of 
rescue and ambulance equipment our collieries are lamentably behind 
most Continental mining districts. It should, however, be stated that 
steps are being taken to improve our position in these matters. 

Machine-mining has particular interest to Scotland, for here coal 
is mined under conditions much less favourable than exist in most 
of the mining areas of England and Wales. The thicker seams, except 
in Fife, have been for the greater part exhausted, and in the thin seams 
the problem is so to reduce the cost of working, that thin seam 
collieries may hold their own in the coal-selling markets. 

It may be said without fear of contradiction that machine-mining 
as applied to thin seams is more expertly conducted in Scotland than 
anywhere else. The existence of many of our thin seam collieries 
absolutely depends upon alert, intelligent, and skilful management of 
machine-mining, and they would be closed to-morrow if they were’ 
in districts where extravagance and indifference were condoned by 
favourable mining conditions, or by high selling value of the product. 
Colliery managers in Scotland havc especially distinguished themselves 
by initiative and ingenuity in devising underground conveyors. The 
number of different types which have originated in this district far 
exceeds the total number designed beyond our borders. The enter- 
prise exhibited in this direction is an indication of the progressive 
tendency of mining in Scotland. 

It has been shown that the developments in coal-mining call for 
more and more machinery. 

The first requisite to the provision of plant which shall in every 
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detail be suitable for use in collieries, is that its designers shall be 


thoroughly familiar with the conditions of service which the plant 
and apparatus is required to endure. 


In colliery work there is no 
escape from the consequence of slovenliness in the matter of details. 


Weak points are inevitably discovered by usage, and in no department 
of electrical work are the results of carelessness more dangerous, or 
the benefits of thoroughness more apparent, than in colliery work. 
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YORKSHIRE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 
T. HARDING CHURTON, Member. 


ABSTRACT. 
(Address delivered November 16, 1910.) 


I thank you very much for the honour you have conferred upon me 
by electing me your Chairman for this session. The Yorkshire Local 
Section occupies, we may justly claim, a high position, on account of 
the importance of the work that it has done and is doing. The tree of 
electrical knowledge has grown apace ; new branches have appeared, 
and, as in the case of “radio” or “ wireless" telegraphy, for example, 
have developed with almost amazing rapidity. As a consequence, 
workers in the science of, and industries dependent upon, electricity 
are obliged to specialise more and more closely. It is by means of 
such a society as this that one may be enabled to contribute from one's 
special knowledge to the common stock of science, as well as to keep 
up to date in one's own particular subject, and to maintain a bowing 
acquaintance with many others that fall within its purview. 

A recent instance of important “ missionary" work undertaken by 
the Institution is that a Committee has been formed for the purpose of 
obtaining particulars respecting the operation of textile factories by 
clectric motors, with a view to proving the advantages to be gained by. 
the adoption of electric driving. It is to be hoped that this work will 
be energetically pursued and developed. 

Speaking generally, we are not, I believe, so enterprising in adver- 
tising our productions or commodities as are some other nations— 
especially the Americans and Germans—and while I do not suggest the 
indiscriminate adoption of their methods or styles, I think that we might 
with advantage emulate their business enterprise, and, in suitable 
manner, make more widely and fully known the value of that which 
we have to offer than is customary in this country at present. 

In this Local Section we might well demonstrate, by the introduc- 
tion of suitable papers, the advantages of electricity as applied to the 
iron and steel, engineering, mining, textile and clothing, leather, and 
other industries that are largely carried on in our midst, and by inviting 
representatives of those industries to take part in our discussions upon 
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papers relating to the particular industry in which they are severally 
engaged, we shall be doing something towards educating the public in 
the uses of electricity to their advantage as well as to our own. 
Another direction in which the interests of the electrical industry 
may be perhaps more completely watched is by the influence that the 
Institution may bring to bear upon legislation and Government regula. 
tions concerning it—pressing for the removal or revision of unnecessary 
restrictions and rules, and for the concession of reasonable facilities 
necessary for the development of electricity for the public good. The 
machinery exists in the Parliamentary Committee of the Council of this 
Institution, and I think that much more may be done by this and other 
Local Sections, which include men thoroughly experienced and well 
versed in these matters, bringing forward their opinions and the facts 
before the Committee, and thus strengthening the Committee's hands 
in dealing with such subjects. The views of an Institution such as 
ours, numbering well over six thousand members, must needs carry 
very considerable weight, and it is time that we were up and doing and 
minding more energetically the great interests that we represent. 


MANUFACTURE. 


It is, I suppose, well known to most of us that during the past few 
years the electrical manufacturing business has, speaking generally, not 
been in a flourishing condition. In the keen competition to obtain 
orders, prices have been reduced and reduced, and profits have become 
more and more microscopic in their proportions. And yet the business 
has been rapidly growing, thc demand for electrical apparatus has con- 
tinually increased. To what, then, is this unsatisfactory state, commer- 
cially, to be attributed? It is, I believe, mainly due to the productive 
capacity of our factories exceeding the demand of the market that is 
open to us. That is, however, a matter which would probably settle 
itself in time, and prices might then be expected to realise a reasonable 
profit. But the foreigner would then be tempted to compete, and thus 
prevent any material improvement. So that, while prices are now, I 
believe, kept low by what I may call internal competition, any material 
increase would apparently—under existing fiscal conditions—be prc- 
vented by external competition. 

It is not my intention to argue the fiscal question, but whatever 
views one may entertain upon that, it is, I suppose, an incontrovertible 
proposition that a manufacturer whose market is more restricted, is— 
other tbings being equal—at a disadvantage as compared with one 
whose market is less restricted. And the German or American manu- 
facturer, therefore, for example, having the monoply of their respective 
home markets, and equal terms with ourselves in our own, has a 
decided advantage in that respect over us. The preference that we 
have in certain colonies, welcome as that is, is quite inadequate to сот. 
pensate for such unfavourable terms elsewhere. The result is that in 
this unequal contest with our foreign rivals we have to work harder 
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and better in order to keep pace. Well, so far as the severity of com- 
petition has operated as a stimulus to increased effort in the direction 
of improvement and to economy with efficiency in design and manu- 
facture, that is all very well But so.long as the same causes continue 
to operate, our task appears likely to remain an uphill one. 

In the manufacture of electrical machinery there has been a general 
lowering of the cost of production. The use of interpoles and increased 
ventilation have enabled the weight of direct-current generators and 
motors to be considerably reduced. The size and weight of alternating- 
current motors, too, and of transformers, have been much reduced by 
the employment, for the laminz, of a special steel alloy, due to Sir 
Robert Hadfield, and by their being well ventilated. One effect of this 
reduction in the size of motors is that, being more dependent upon 
ventilation to carry off the heat generated, when they are totally 
enclosed the reduction in capacity on account of heating is more pro- 
nounced. This observation applies only where the temperature rise is 
dependent upon the rate of radiation of heat from the exterior of the 
frame under normal conditions, and does not, of course, apply in the 
case of enclosed machines that are cooled by pipe ventilation or 
other extraneous means.  Itis not, however, always possible or con- 
venient to adopt such measures for cooling motors, and it is certain 
that in many instances motors might be run more efficiently and 
economically at a much higher temperature than is at present con- 
sidered advisable were it not for the combustible nature of the 
insulating materials—chiefly, of course, of the cotton covering of the 
windings. 

The subject of insulating materials affords ample opportunity for 
research—we want something that will stand higher temperatures 
without risk of burn-out and that will last well. 

No cause has contributed more, perhaps, to the reduction in cost 
than that which has become increasingly possible as the demand for 
electrical machinery has grown, viz., the manufacture in quantities of 
stock parts, or of complete units, thus enabling both workmen and 
tools to be regularly engaged on the same work or class of work. Thus 
there has been а marked tendency among manufacturing firms to 
specialise in certain lines, each developing their own standards or 
patterns, adopting certain varieties and sizes of their own selection, 
and manufacturing these in quantities to stock. This system of 
individual standardisation has left manufacturers free to modify their 
standards as experience and additional knowledge have dictated. But 
while it is undesirable that much should yet be attempted in the direc- 
tion of bringing about uniformity in constructional details of electrical 
machinery, there is good and sufficient reason for an endeavour to 
establish agreement as to the definitions of terms used and for the 
adoption of certain standard specifications respecting the performance 
of electrical machinery. 

An attempt of this nature, if not altogether successful, was made by 
the Engineering Standards Committee in their published Report on 
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Standards for Electrical Machinery. With regard to the rating of 
motors, it is proposed that the rating of a motor for continuous work 
shall be based upon its performance for 6 hours. Why? A small 
motor may attain maximum temperature rise in I, 2, 3, or 4 hours, 
while a larger machine may continue to get hotter for several hours 
longer, and though not too hot in 6 hours, might become too hot for safe 
working when run “continuously "—perhaps driving a pump or other 
such steady load. Would it not be much better to specify the ultimate 
temperature rise attained, irrespective of the time taken for the limit to 
be reached? And then, again, with regard to intermittent rating, this, 
it was proposed, should be based upon the performance for 1 hour 
continuously. The fallacy of such a system of rating has been frequently 
exposed, by none, perhaps, more forcibly than by Dr. Pohl in an able 
paper * read before this Section, and I need not, therefore, now enlarge 
upon it. 

Then, with regard to the proposed standards for B.H.P. and speed 
of motors, these will, I fear, be of but little practical value. Опе 
speed only is suggested for each different horse-power. But as practical 
requirements necessitate very different rates of speed for each size 
of motor, such a proposed list can only be regarded as a suggestion 
as to the number of sizes of motors that should be included in a 
standard range. As each size is constructed to work at different 
speeds, and as the horse-power is not quite proportional to the speed, 
a number of other horse-power ratings are thereby introduced. And 
further, as regards alternating-current motors, the output, as well as 
the speed, is affected by the frequency. 

The standardisation of voltage, and, in the case of alternating 
current, of numbers of phases and of frequencies—in order that the 
variety of electricity supply may be as small as possible—is, of course, 
greatly to be desired, and the recommendation of the Standards 
Committee that the standard frequency shall be 50 cycles per second, 
with an alternative of 25 cycles where a low frequency is specially 
required, will, it is to be hoped, be adopted whenever a new scheme 
is started or an old one changed over. 


TECHNICAL TRAINING. 


The tendency in electrical manufacturing is to simplify the work of 
the workman, and to depend less upon his knowledge and skill, 
excepting such as may be acquired by the continual practice of one 
particular kind of work. Of the managers, designers, administration, 
and supervising staff, on the other hand, more skill and knowledge, 
greater ability, and concentration of effort are continually demanded. 

Now, with regard to the young workman, whichever one of the 
numerous “trades” he either elects, or circumstances lead him, to 
follow, there can be no doubt that the best, and, in fact, practically 
the only way to learn the work is by actual work in the shops. Will 


* Fournal of the Institution of Electrical Engineers, vol. 45, p. 216, 1910. 
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he be enabled to perform his work better or be able to “ improve his 
position "—that is, to perform some work that demands greater know- 
ledge and skill—by attending classes? That depends, firstly, upon the 
particular kind of work in question ; secondly, upon the character and 
ability of the student; thirdly, upon the character of the training he 
receives ; and fourthly, with regard to his prospect of advancement— 
that must depend also upon the demand for the application of the 
additional skill or knowledge acquired. 

With regard to (1) the particular kind of work : while it is obviously 
impossible to generalise, оп account of the variety of work under 
consideration, it is safe to say that in the performance of many of the 
operations, little or no knowledge beyond that which is gained from 
practice in the shop is likely to be of much practical assistance. With 
regard to the second point, to make a good foreman, not only is a 
thorough knowledge of the work necessary, but a combination of 
qualities that we call personality. Energy, tactfulness, method, ability 
to control men and get the best work out of them in some indefinable 
kind of way, are some of the attributes of a successful foreman. But 
if such qualities as these cannot be acquired by attending classes, the 
scientific principles can be learnt, and the course of his studies be 
guided at the technical classes. Special care should be taken to ensure 
that the training is appropriate to the work in view, and that it is not 
“over the heads” of the students. At the same time, it should be borne 
in mind that excessive specialisation tends to make a man a mere 
machine, and that he is then apt to suffer the fate which not uncom- 
monly overtakes machinery, viz., to be superseded and “ scrapped,” 
and thus find himself among the unfortunate unemployed and unem- 
ployable. It therefore behoves every workman to know something 
more than is necessary to do just the work that he may, for the time 
being, be engaged upon, so that he may be able more readily to adapt 
himself to such changes and developments as may take place. The 
Education Department in this city appointed an Advisory Committee 
consisting of manufacturers engaged in various industries, and others, 
with the object of conferring with the managers of the technical 
schools as to the courses of study and other cognate matters, and 
such co-operation must be mutually beneficial. 

Now, with regard to the training of men with a view to their 
becoming designers or managers. Although specialised, the training 
should be much broader than that which is appropriate to the workman. 
The success of the designer does not depend only upon his knowledge 
of theory and science, nor upon his skill in mathematics, but upon his 
power of observation and of the grasping of problems; upon his 
ability to combine ideas and to form new ones, such as originate 
improvements, inventions, new applications or adaptations. 

It cannot be too clearly impressed upon the student who would 
become an electrical engineer that neither the works course nor the 
college course can independently fit him for any superior position, but 
that both courses are equally essential. 
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May I add that whatever may be the training, the British workman 
still maintains his position of superiority among the nations of the 
world. Having visited works on the Continent and in America, I have 
realised this fact particularly, that when any difficulty arises, the 
English workman is better able to cope with it than that of any other 
nation that I have had the opportunity of observing. 


ELECTRICAL DISTRIBUTION AND COAL CONSERVATION. 


Gentlemen, it may be expected of your chairman that he should 
endeavour to point to the lines of development of the future. I will 
do my best to indicate in at least one direction the course that progress 
may be expected to take, especially as it is, I am confident, one of 
national importance. I refer to the development of the electrical 
distribution of power as a means of conserving one of our most 
valuable, and indeed vital, natural resources—coal. 

The sources of energy or power, for which we are indebted 
almost wholly to the sun, may be divided into two classes: (1) That 
in which energy has been deposited or stored up in the earth through 
chemical action in past phases of the earth's history, and which is 
now being reproduced ; and (2) that which is due to the present action 
or activity of the sun's rays and is thus continuous. 

In the former class we have coal (in its various stages from peat 
and lignite to anthracite), petroleum, and natural gas ; and in the latter 
are chiefly vegetable growth (timber), that which is derived from fall- 
ing water in rivers or tides, and that which is due to the motion of the 
atmosphere—or wind. Wind is not usually а convenient source of 
power ; a power that is more under control is preferred. Water-power 
—of immense importance in some countries in which there are falls 
capable of developing continuously vast amounts of available energy— 
is, comparatively, but little in evidence in this country. As regards the 
use of timber as fuel for the development of power, I may say that in 
the United States, according to the Forestry Department, the amount 
of timber used for fucl alone is nearly equal to the amount grown each 
year, and that without taking into account the tremendous loss due to 
forest fires, timber is being taken from the forests at the rate of about 
three and a half times their yearly growth. At the present rate of 
depletion, the total annihilation of the vast American forests is well 
within sight. The growth of sufficient timber for use as fuel for the 
power required in this country would certainly not be practicable. 

We cannot, then, look to any of the perpetual sources of power to 
fulfil the requirements of our national economy as a manufacturing 
nation, and must therefore depend upon that which has been stored up 
in the surface of the earth millions of years ago, and which, so far as | 
this country is concerned, is limited to the coal measures. Now, though 
it has been estimated that the coal existing in the United Kingdom is - 
about 140,000 millions of tons, which represents, roughly, about five 
hundred years supply at the present rate, it must be remembered that 
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as the better and thicker seams, and those nearer the surface become 
worked out, the cost of getting the remaining thinner and deeper seams 
becomes greater, and that for various reasons enormous quantities will 
probably never be won at all. To realise the force of this, one has 
only to consider that in comparatively recent times coal was chiefly got 
in “ day-holes" at the outcrop, or from shallow pits but a few yards in 
depth, while now shafts are being sunk to seams at a depth of a 
thousand yards or more. And thin seams that were left formerly as not 
being worth working, are, as the thicker seams are exhausted, being 
worked, usually at a greater cost. Recognising, then, that our supply 
of power depends upon coal, and that coal must become more expen- 
sive (and finally give out), the necessity for economising it must become 
increasingly important. For this reason, we may look forward, I think, 
to the more general adoption of electrical distribution of power from 
generating stations with plant-units of much larger capacity than we 
have at present, linked up with collieries, steel works, and other places 
at which enormous quantities of heat energy are continually being 
wasted, but which by means of subsidiary generating stations may be 
turned to useful account. Without entering into the relative advantages 
of gas and steam plants, I may point out that as fucl becomes dearer, 
the greater thermo-dynamic efficiency of the gas plant must tell more 
strongly in its favour, while its greater capital cost will become of 
relatively less importance. Should the gas engine be not so developed 
as to render it suitable for the large power-station set, it may prove 
efficient in the subsidiary power houses. The advantage of large size 
in steam sets is seen not only in increased economy in steam consump- 
tion, but also in other operating costs—attendance, oil, etc.—and in 
building space, and I think, therefore, that we may confidently antici- 
pate the adoption of much larger units than we have at present. Here 
in Leeds the largest sets are of 3,000-k.w. capacity ; in Sheffield, the 
largest is 4,000 k.w.; at Manchester, the largest set, I believe, in 
operation in this country, has a capacity of 6,000 k.w. At the Delray 
Station of the Detroit Edison Company (Michigan, U.S.A.), which I 
recently visited, there are several sets of 14,000-k.w. capacity. These 
are of the Curtis vertical turbine type with generators made by the 
General Electric Company, of Schenectady, N.Y., and running at 
720 revs. per minute, deliver 3-phase current at 60 cycles, 4,600 volts. 
The steam pressure is 180 165., and the consumption is, I believe, about 
I4 lbs. per kilowatt-hour. So smoothly do these sets run that, standing 
on the top of one of them while turning round 12,000 k.w., I noticed 
scarcely any vibration. The height of these sets is 37 ft., the turbine 
blade-rings are 13 ft. in diameter, and the revolving field 9 ft. 
diameter. The boilers are of the water-tube type, and onc of the large 
ones will keep 8,000 k.w. going. The day-load of this station is, I may 
add, about 22,000 k.w., which includes street-car service. As indicating 
the success of this station, I may mention that arrangements were 
being made, so I was informed, to replace two of the smaller sets 
by two more of 14,000 k.w. each, 
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The smallness of the power house and the fewness of the attendants 
—relatively to the output—struck one as remarkable, and was to be 
accounted for, of course, by the generators being few in number but 
of great capacity. 

Now, the economical generation of power that may be thus 
secured, coupled with cheap and efficient distribution by means of 
high-tension overhead wires, enables the power company to sell and 
deliver power at a cheaper rate than the consumer can generate it with 
relatively small plant, and a ready sale for the energy is thus assured. 
To enable a power station to generate at a lower cost than the private 
user, it must, in fact, be equipped with more efficient plant, be run at a 
less cost per unit in attendance and other standing charges (including 
interest on a lower capital outlay per unit) than is possible to the user ; 
and the difference must be sufficient to cover the cost of distribution 
and leave a margin of profit for the power company. It must be 
obvious, then, that if the power company would have the large con- 
sumers as customers (especially those whose load factor is high—such, 
for example, as textile mills), they (the power company) must adopt 
plant and economies that are quite beyond the reach of such con- 
sumers. The more that the plant and working conditions of the two 
assimilate to each other, the less must be the chance of the power 
company being able to offer any advantage. Higher voltages of 
transmission will be necessary to reduce as much as possible the cost 
of distribution, and this presents no difficulty. In America and on the 
Continent very much higher voltages are in use than we have in this 
country—- 30,000, 40,000, 60,000 volts being common, and in some cases 
voltages of 100,000 and 110,000 are in perfectly satisfactory operation. 
And though, in our climate, voltages of the order of 100,000 on over- 
head lines might render insulation difficult, and loss from corona effect 
serious, and though for the greatest distances with which we shall 
probably have to deal, voltages of such magnitude will not be neces- 
sary, yet I venture to think that voltages of 40,000 or 50,000 will be 
quite practicable, and will probably be adopted in our long-distance 
transmission and distribution schemes in the near future. In this 
neighbourhood we may see overhead lines of the Yorkshire Electric 
Power Company in which the voltage is 10,000, the conductors being 
only 18 in. apart, supported on double-shed insulators of 8 in. 
diameter. No difficulty is experienced, I am informed, with the insula- 
tion, though the atmosphere through which the lines pass certainly 
cannot be described as particularly free from either smoke or moisture. 
As the Yorkshire Electric Power Company is already transmitting to 
a distance of 21 miles, and as further extensions are in progress, 
we may suppose that as the demand upon the lines increases, the 
voltage—and thus the power-carrying capacity—of the lines will be 
raised. 

Looking for a moment at the consumer's end, he has the efficient 
metal filament lamp for lighting; motors for the driving of his 
machinery, the efficiency of which leaves but little room for improve- 
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ment ; convenient appliances for domestic purposes—all waiting for 
the supply of cheap power to multiply their use an hundredfold. The 
public are, I believe, becoming sensible of the advantages that the uses 
of electricity afford, and a bold policy of progress in electric power 
supply will, I feel sure, meet with its due reward. 

In this connection, and with regard to those electricity supply 
undertakings that are in the hands of municipalities, may I say that, 
much as I sympathise with the relief of rates, I think that our city 
fathers may be sometimes tempted to pursue a pelicy that may not, 
perhaps, be inaptly described as “penny-wise and pound-foolish.” 
Surely it were the better policy vigorously to develop an undertaking in 
such a way as to enable it to turn out its product in the most efficient 
and economical manner, and thus to provide cheap power to a far 
greater number of citizens to their advantage, and to the benefit of the 
city as a whole. | 

Gentlemen, the popularisation of electricity for power, heating, light- 
ing, and other purposes will, by such means, not merely economise the 
use of coal and thus conserve our national resources, but will at the same 
time clear our land of the pall of smoke that hangs over it, that fouls 
the air wc breathe, kills the plants, trees, and flowers in and around our 
cities, blackens our buildings and houses, and depresses our spirits by 
hiding the brightness of the sun from our eyes. It is no idle dream, I 
think, to look forward to a change in all this—and that in the not far- 
distant future. It is surely the duty of this Institution of Electrical 
Engineers as a body, and of us as individual members, to do what lies 
in our power to promote the development of electricity in the public 
service and to the national advantage. 
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M. J. RAILING, Member. 


(ABSTRACT.) 
(Address delivered November 16, 1910.) 


I do not propose, gentlemen, to give you a technical paper to-night, 
but in looking round for a suitable subject for my address it struck me 
that since nothing can be more important for all of us than the welfare 
of our industries, and through them of our profession, and since I am 
closely connected with a large variety of the electrical industries in 
this country, I shall be doing my duty best if I express my thoughts 
and views on the present position of our electrical industries and at the 
same time give you certain conclusions to which I have come; con- 
clusions which, if followed, I feel convinced, would help us to raise 
our efficiency and our status in the world’s market. 

I have referred to the welfare of electrical engineering, and I think 
that all of us, in whatever branch of engineering we may be, whether 
scientists, consultants, station engineers, or those connected with the 
manufacturing industry, cannot help admitting that our position is not 
what it ought to be. 

Want of suitable and profitable employment, or absence of satis- 
factory returns for the labour, or capital spent, has made itself felt for 
a number of years. Many are the reasons brought forward to explain 
this state of affairs, and many have been the suggestions for remedies. 
It is my contention that most of us, being imbued with somewhat 
conservative opinions, have not fully rcalised the very altered con- 
ditions in this country, and have consequently not adapted ourselves 
to the new demands. “Tempora mutantur et nos mutamur in illis "— 
I should like to translate this into English: * Times change and we 
ought to change with them," not “we do change with them." Con- 
ditions have changed, but our industry has not kept pace with this altered 
situation, in all its aspects. Now let us ask ourselves for a moment, if 
we have failed to progress sufficiently in our profession, what then are 
the factors which go to produce progress in any profession in a circum- 
scribed territory or community, and which do we lack? 
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I will not refer to the improvements due to intuitive genius, as this 
is a factor beyond our control. The other factor which influences 
progress in a profession such as ours, is dura necessitas, when 
existing problems cry out for solution, and of a necessity men are 
employed to work on them with the object of bringing about their 
solution. I would give as an example of my meaning, that it is 
natural, at a time when one tries to develop all the motive power at 
one’s disposal, that the development of water turbines will be worked 
out mostly in those countries where water-power is going to waste, the 
development of steam engines where coal is available. In fact, in 
every industry daily problems of this nature present themselves to the 
minds of those eniployed, calling upon them to set to work and find 
a solution. 

The second factor towards progress should be more prevalent in 
this country, with its large number of industries, than in any other 
part of the world, though of late ycars, with new countries consolidat- 
ing around us," this advantage is slowly being lost. It is this second 
part that I want to investigate closely, and which I wish to examine 
under the headings: "Where we Stood," * Where we Stand," and 
* What can be Done to "Keep us where we Stand or to Give usa Lift 
Up?" 

Р, Where we Stood.’—The geographical position, the carly political 
consolidation and freedom of England, and the inherent qualities of 
its people, have in the past helped to make England the frading country 
of the world. The old world's products were sent here to be taken 
out to new worlds and to bring back in exchange their products to the 
old countries. This, at a time when knowledge travelled slowly, made 
the English foremost experts:in the wants of other countries, and in 
the products or goods they could give in exchange. It taught, further, 
what these products could be made into, how they could be improved 
by manufacturing more valuable products out of the raw material : 
thus necessity forced England into the position of the best buyer and 
the best seller, and finally brought about the commencement of manu- 
facturing in this country on a scale never before dreamt of. 

European countries, which during this time had been engaged in 
internal turmoil and warfare, religious and political, now started to 
consolidate, became bigger and more powerful units, more open for 
possibilities outside their borders. An era of invention started simul- 
taneously. The development of railways and other means of com- 
munication made the factor of distance less important. The telegraph, 
telephone, and the great development of educational and printed 
matter all round, served to bring humanity much closer together, 
and to distribute special knowledge over vast areas. In this way 
our special experience of markets and of the possibilities of manu- 
factures was distributed to other nations, and we were thus de- 
prived in two directions of the special advantages of our geographical 
position. 

“Where we Stand.'—We thus sce ourselves face to face, after this 
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levelling-up process, with competing nations, and we have to ask our- 
selves, “What are the advantages left of England's former leading 
position?” Apart from the advantages of good-will which the man 
in possession always has, and apart from the great advantages which 
such imponderabilities as common interests, common language, and 
common descent give with the markets of the colonies, we shall 
only progress if in the world's market we can supply our manufactures 
better than others or cheaper than others. 

There is still possibly in a number of industries, perhaps not in our 
own, although in others on which we depend, the advantage of a 
longer experience and a greater insight into the actual market con- 
ditions and into the intricacies of manufacture, but it is an advantage 
which must decrease from year to year. 

There is in our workmen and engineers probably an asset, on 
account of certain hereditary qualities developed for generations; 
but, again, our rivals are bound in time to diminish this difference, 
which, besides, is made less important through the introduction of 
automatic machinery. It remains to ask ourselves, “Can we produce 
better or cheaper on account of the raw material at our disposal ?” 

The fundamental basis of manufacturing industries lies in the source 
of their power, and whilst England in this respect may count upon a 
plentiful coal supply, other nations, by drawing upon their natural 
water resources, have an even cheaper source of motive power. It 
cannot, therefore, be admitted that England can justly claim any 
advantage over some of the ‘other manufacturing nations. 

Next to the primary power, the most important factor to be taken 
into consideration is raw material. Inour own profession, for building 
up our machines, we mostly arc in want of iron, steel, and copper. 
It is a well-known fact that some forty years ago England was pre- 
eminent in the production of iron and steel, but this pre-eminence 
has gradually, but surely, faded away. 

In confirmation of this statement reference may be made to the 
figures for the production of pig iron by the Duke of Devonshire in his 
recent Presidential Address to the Iron and Steel Institute. 

Again, in the production of copper England at one time could rely 
upon her resources, but at the present time the United States of 
America are able to produce more than so per cent. of the world's 
output. The enormous capacity of other copper producing countries 
has made it practically impossible to mine that metal in this country 
with commercial success, and we cannot close our eyes to the fact that 
as regards procuring copper cheaper than other nations England 
does not hold a more advantageous position. 

As, therefore, we can claim neither advantage in labour nor in raw 
material, the only way in which we can get a balance in our favour is 
by the more efficient organisation of our factories and the labour 
employed in them, by means of careful supervision of the minutest 
details. It is hardly necessary to an audience of engineers to lay 
stress on the necessity for large outputs and a constant flow of work, 

VoL. 49. 9 
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Perfection of organisation is only possible with such conditions. How we 
may help to provide for this constant flow I will'endeavour to show you. 

What can be Done to Keep us where we Stand f—1f we want to keep 
our position or * move up" we must get bigger outputs and larger 
markets. Other countries do not possess advantages over us in the 
supply of raw material or power. We possess as good scientists, 
designers, and engineers, and as capable, if not more capable, work- 
people. It is output which we want to give us the lead again, and 
men who can give us that output ; men who know best where to 
obtain the most satisfactory supplies and what markets are most suited 
for the disposal of our products. 

To-day we have on the onc side our factories producing com- 
modities—generators, motors, lamps, accessories, and, in fact, any- 
thing which can be used in the applications of electricity. On the 
other side, we have in our own country and in all the countries of the 
world industries waiting, perhaps unconsciously, for the possibilities of 
electricity, and that man is most needed who can bring them together. 
The man best fitted for this work will be the one who knows not only 
most about the first country, that of the manufacturer, its products, its 
capabilities, and the possibilities of its known treasures and slumbering 
resources, but also he who knows most of the second country wherc 
these products are wanted, what seed is best to put in the soil, and how 
it is best to be sown. And one thing more is wanted—this man must 
know how to navigate from one country to another, how to bridge 
the stubbornness of the one and the greediness of the other. For 
all this knowledge a man is needed who knows both countries well, 
their different needs and temperaments, their language and their 
individualities. 

Therefore let us teach and raise engineers with the fullest possible 
knowledge, shall we call it, of the geography of the two countries, the 
two dominions, and able with the old spirit cheerfully to navigate from 
the one to the other, whether through known or unknown seas, Such 
men must know what we can do, whether in the production of power, 
plant, or motor-driving, or the different sources of electric illumination, 
or in transport, or the means of inter-communication, and must know 
why we make goods in a certain way and not in the way of our com- 
petitors. 

They must know the country of our customers, and all its activities : 
agriculture and its wants in connection with electricity, iron and steel 
industries, mining, cotton, chemicals, shipbuilding; they ought to see 
these industries and other less important ones in the light of the soil in 
which they are planted, and not only at bome, because the world is 
their field of operation. 

Then let us teach him to navigate, teach him about men—thcir 
characters, their individualities, how they can be led, teach him to 
negotiate as of old, to make contracts, to know law, make him speak 
languages, and make him understand the peculiarities of other countries 
and other nations; teach him also to rely on his own resources and 
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calculations, so as to be able to bring them to bear on new problems 
as they arise. In this way we can translate the colonising spirit of old 
England into modern language, and the old trading spirit into the 
proper modern spirit of our profession and our industry. We shall 
have produced a generation of commercial engineers, or engincer 
traders, who will be able to give you back the old predominance, and 
in doing so, incidentally they will allow us to produce in larger 
quantities, and therefore, more cheaply, in larger quantities and there- 
fore better. 

I have endeavoured to impress upon you my conviction that other 
countries have stolen a march on us, not so much in the production of 
engineers nor yet in the production of purely commercial men, but in 
the development of a type of man who combines the qualities of both. 
Those who are familiar with the continental systems of education will 
know that the young electrical engineer abroad is encouraged to study, 
in addition to his own science, the technology of allied trades, and 
to train himself as well in languages, in commercial law, in natural 
economy, and in commercial routine generally. 

I plead that such an excellent course may some day be adopted in 
this country as well. 

I further plead that the commercial side of engineering should be 
considered in our present system of apprenticeship. We are giving 
our young engineers a good practical training by making them, іп а 
three or five years' course in our workshops, conversant with the 
practical problems of engineering, both manufacturing and in its 
applications. I claim that it is in the interest of everybody concerned 
that at least a certain period of such apprenticeship shonld be spent in 
the commercial organisation, be it either in the counting-house or sales 
organisation. 

Her geographical, agricultural, and trading explorers, her travellers 
and colonists of the past, have raised this country to her present posi- 
tion. English explorers and travellers are wanted once more to set to 
work on new lines and win back that volume of business that has been 
lost and is continuing to be lost, and thus confer upon our industries 
and our profession the standing which it ought to have amongst the 
nations of the world. 


132 SMITH: IRREGULARITIES IN ROTATING FIELD [Nov. 8th, 


THE IRREGULARITIES IN THE ROTATING FIELD 
OF THE POLYPHASE INDUCTION MOTOR. 
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(Paper received August 5, тото. Read before the MANCHESTER LOCAL 
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General.—The want of uniformity in the rotating field of the 
polyphase induction motor is due chiefly to the following causes :— 


1. Non-sinusoidal wave-form of the supply voltage. 

2. Disposition of the stator winding in a limited number of slots. 

3. Variation of the air-gap reluctance due to the varying position 
of the teeth and slots of the rotor in relation to those of the 
stator. 


4. Want of uniformity of the air-gap due to the rotor being out 
of centre. 
5. The effect of want of proportionality between magnetising 


current and flux may also be mentioned, although of less 
importance. 


I. No attempt is made in the present paper to deal with the first 
of the causes enumerated above, since its origin is independent of the 
motor. Goldschmidt* has shown that an induction motor somewhat 


* Electrical Review, vol. 54, pp.:571 and 611, 1904. 
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resembles a condenser when supplied with a distorted voltage wave, 
in causing harmonics in the voltage wave to appear in an exaggerated 
form in the wave of current. This is due to the fact that the slip of the 
rotor is small in relation to the flux due to the fundamental, but large in 
relation to fields due to the higher harmonics, which rotate at a speed 
which is some multiple of that of the main field. The harmonics in 
the wave of applied voltage thus induce voltages in the rotor which 
have a comparatively high value and which produce in the rotor, and 
consequently in the stator, currents of large amplitude. 

2. The second cause of irregularity can be subjected to fairly simple 
mathematical treatment, and is discussed in text-books and elsewhere 
from this point of view. The results of such a calculation, as given - 
by Krantz,* are summarised in Appendix C. The chief irregularitics 
coming under this head are a periodic change in the total flux of the 
rotating poles, a periodic change in the speed of rotation of the field, 
and a difference in the values of the maximum tooth induction of the 
teeth of the stator situated in various positions relative to the exciting 
coils. It can be shown that the two last named irregularities have 
their greatest effect in the teeth situated between a pair of adjacent 
phase-windings. Thus in a 3-phase 4-pole motor with two pole- 
windings per phase, there will be twelve points in the stator where 
the variation in intensity and in speed of the rotating field will be 
specially great. These variations will give rise to pulsations in the rotor 
voltage, having a frequency which at synchronism will be six times 
greater than that of the supply voltage. This effect is very clearly 
marked in some of the oscillograph curves given later. 

3. The third source of irregularity, the flux pulsations in the tceth 
of the core, has been studied indirectly from measurements of the 
losses resulting from it,ł but the extent to which it modifies the 
rotating field and affects the voltages in the motor windings has not 
received so much attention. 

Messrs. Simons and Vollmer} have given some interesting curves 
of rotor and stator currents with the motor at synchronism and also 
under load, but without showing the connection between the effects 
observed and the amplitude of the actual field pulsation. 

4. The author thinks that want of uniformity in the air-gap of 
induction motors is much тоге general, and is responsible for more 
waste of power than is generally recognised. The experimental deter- 
mination of the power lost from this cause does not come within the 
scope of this paper, but several points bearing on the matter are 
obtained. 


* Elektrotechnische Zeitschrift, vol. 22, p. 274,1901. See also Hellmund, Transactions 
of the American Institution of Electrical Engineers, vol. 27, pt. 2, p. 1373, 1908 ; and 
Electrical World, vol. 52, p. 1342, 1908. 

{ Bragstad and Fraenckel, Elektrotechnische Zeitschrift, vol. 29, p. 1074, 1908 ; 
T. Е. Wall, Electrician, vol. 58, pp. 752 and 597, 1907; Linke, Eleklrutechnische 
Zeitschrift, vol. 28, p. 964, 1907 ; Zipp, Elektrotechnik und Maschinenbau, vol. 26, pp. 443 
and 977. 1908. | 

t Elektrotechnische Zeitschrift, vol. 29, p. 93, 1908. 
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Description of Method of Carrying out Evperimcents.—The results 
described in the paper are based on measurements of the electromotive 
forces induced in special search coils wound on the stators of two 
induction motors, so as to embrace portions of the air-gap flux of the 
motors. These search coils were disposed in various positions round 
the stator, and were wound so as to embrace different numbers of stator 
teeth. 
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FiG. r.—Showing Positions of Search Coils. 


A 15-H.P. 4-pole 3-phase motor made by the Phoenix Dynamo 
Manufacturing Company, Bradford, was selected for the first series cf 
tests. Ten search coils of fine wire were wound on the stator in the top 
of the slot openings, just above the actual stator winding, but inside 
the wooden wedges used for securing the winding. The positions of 
the search coils is shown in Fig. r. It will be noticed that coils a, б, c, 
d, e embrace respectively the same number of stator teeth as the coils 
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which form one pole of the stator winding. The voltages induced in 
these search coils represented, therefore, the five coil voltages which 
together made up the voltage of one complete pole-winding of the 
stator. The remaining search coils had a smaller span, and were 
situated on another part of the stator. The search coils were formed 
of fine silk-covered wire, and were composed of ten turns in the case 
of the first five coils, and fifteen turns in that of the other five coils. A 
multiplier has been employed in the calculated results given in the 
paper, reducing all observations to the equivalent 
voltage of 15 turns. 

The following are particulars of the motor 
windings :— 


Stator mesh-connected, бо slots, її conductors 
per slot. 

Rotor star-connected, 48 slots, 12 conductors 
per slot. 


The stator supply was at 50 cycles, derived from 
a source giving a nearly perfect sine wave. The 
dimensions of rotor and stator slots were alike. 
The shape of the slots is shown in Fig. 2. 

Voltage Induced in Coils with Rolor Stationary.— 
Ihe voltages induced in the search coils with the 
rotor stationary and the normal voltage applied to 
the stator are indicated in the form of a curve in 
Fig. 3, where the letters along the base are those 


used for identifying the several coils. The upper FIG. 2. 
curve formed by joining the black dots is the опе Full-size 
referred to. Sketch of Slots. 


Coil c shows the highest induced voltage, because 
its span is that exactly corresponding to one pole-pitch of the motor, 
and it therefore embraces the greatest flux. Coils which have a smaller 
span do not embrace so many lines, while those with a greater span in- 
clude some lines of opposite polarity, which diminishes the resultant flux 
through them. The voltage of search coils a, b, c, d, e are linked with 
the same flux as the five stator coils which go to form one pole-winding 
of the motor. The voltages on Fig. 3 may, therefore, be taken to 
represent the proportion in which the applied voltage is distributed 
between the coils which compose the stator winding. The relative 
values of the voltages in the successive coils agree almost exactly with 
the theoretical values calculated on the assumption of a sinusoidal 
distribution of flux (see Appendix A). The voltages of the coils of 
shorter span—viz., coils f, g, Л, i, j—are seen to form a continuation 
of the curve given by the first five coils, but are apparently drawn to 
a smaller scale. The explanation of this break in continuity is to be 
found in the fact that the two sets of coils were wound on different parts 
of the stator, where the air-gap flux had different values, on account of 
slight differences in the length of the air-gap caused by wear in the 
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bearings of the motor. The lack of uniformity in the air-gap round 
the circumference of the rotor, which is here made. noticeable, is 
referred to at greater length later on. From measuréments made 
for the author, it would appear that comparatively few motors in 
regular service can be said to have a uniform gap. In the present 
case the air-gap clearance was found to be 32 mils at the top of the 
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FIG. 3.— Voltage in Search Coils—Motor Stationary. 


rotor and 26 mils at the bottom. In some other cases observed, the 
proportionate divergence from uniformity was much greater. 

А 3-phase supply at 246 volts was next applied to the slip-rings of 
the stationary rotor and the search-coil voltages observed. These 
оо 
10’ 


readings reduced in the ratio 3 so as to represent an applied voltage 


of 200, are shown bv the lower curves on Fig. 3. These voltages are 
related to one another in the same way as those shown by the upper 


curves. 
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On dividing the ordinates of the upper curve by those of the lower 
one, we should expect to obtain a figure equal to the ratio of rotor to 
stator turns (except for the small magnetic dispersion occurring at no 
load). The mean quotient obtained in this way from the coils a, b,c, d, 
and ¢ is r44 ; while the mean for coils f, g, h, i, and j is 1:62. The actual 
ratio of rotor to stator turns is 1°51, which agrees very nearly with the 
mean of the two ratios just found. The discrepancy between the two 
ratios obtained from the search coils is due to the circumstance that 
the readings forming the lower curve were taken with a smaller value 
of the air-gap induction than normal. It is shown more fully later 
that, when the air-gap of the motor is not uniform, there is a different 
distribution of the flux round the stator for each value of the 
applied voltage, brought about by the unequal saturation of the tecth 
at different parts of the air-gap. Coils a to e were situated near the 
bottom of the motor, where the air-gap was small; the teeth at this 
point were consequently highly saturated, and these coils absorbed a 
proportion of the applied voltage which became smaller as the induc- 
tion was raised. Exactly the reverse was true of the coils f to j. The 
higher ratio of the coil voltages of the second group of coils is thus 
accounted for. The matter would not have been worth calling atten- 
tion to except as showing that considerable errors may casily be made 
in the determination of the dispersion coefficient of a motor from 
experimental readings made at voltages other than the normal. It is 
worth pointing out that the same effect may produce an out-of-balance 
voltage in the rotor, and so alter the apparent ratio of transformation 
as measured on open circuit, unless the volts are measured on all three 
phases. 

Grouping of Coils.—On connecting the search coils belonging to 
one pole together in series, the resulting voltage was found to be 
equal to the arithmetic sum of the voltages of the individual coils. 
This was to be expected. 

The group of coils a to e embrace the same flux as one pole wind- 
ing of the stator, being wound in the same slots. The voltage 
generated in this group with a stator applied voltage of 200 was 155. 
Since the coils had 15 wires per slot and the stator 11, the voltage 
in the stator pole-winding was approximately 155 x {і = 118:5 volts, 
leaving only 81°5 volts for the other pole-winding situated opposite to a 
larger air-gap. This calculation is not quite correct, since the тт stator 
conductors per slot do not form eleven complete turns ; but it shows 
a considerable inequality in the distribution of the applied voltage 
between the coils of the phase-winding. 

Effect of Rotation on Stator Flux.—As soon as the rotor is short- 
circuited and allowed to rotate, the values of the search-coil voltages 
observed with the supply on the stator, change to those shown by 
black dots in Fig. 4. The curve is slightly different in shape from the 
one taken with the rotor at rest (see Fig. 3) owing to the addition 
of higher harmonics of voltage, which vary in amplitude for the several 
coils. The nature of these harmonics, which are introduced by 
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flux pulsations in the teeth, is studied in connection with the later 
curves. The effects of load on the motor and of driving the motor 
by means of a separate machine with open-circuited rotor were also 
tried. No alteration in the induced voltages was to be observed, 
except for a very slight change caused by the variation in the 
harmonics, which depend upon the speed of the motor. The coil 
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FiG. 4.—Voltage in Search Coils—Motor Rotating. 


voltages were also found to be unaffected by a reversal of the 
direction of rotation of the rotor. 

Effect of Rotation on Rotor Flux.—By connecting the rotor slip-rings 
to the supply and short-circuiting the stator winding, the functions 
of the two motor windings are inverted, and the scarch-coils may then 
be used for studying the voltages which would have been induced in 
them if they had been situated on the rotor, instead of on the stator, of 
an induction motor. We can therefore employ them to examine the 
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voltages induced inarotor under working conditions. The lower curves 
in Fig. 4 show the search-coil voltages induced with the rotor supplied 
in this way and of a load of about 5 H.P. on the motor. The voltages 
are, of course, lower than when the rotor was stationary, but are seen to 
be much higher than would be produced by a uniformly rotating field 
cut with the speed of slip. Thus the voltage of coil c with stationary. 
rotor was 21'5 (see Fig. 3), so that with the measured slip of 24 per 
cent., the voltage of this coil would have been only about half a volt in 
a uniformly rotating field, instead of more than 7 volts. 

Another striking peculiarity of the curves in Fig. 4 is the great 
difference between the voltages induced in successive coils, which 
gives them a “saw-tooth” appearance. The two characteristics of 
the rotor flux indicated by these results are due to :— 


I. Want of uniformity of the main rotating field due to the 
disposition of the stator winding in a limited number of 
slots. 

2. Pulsations produced by the rotation of the teeth of the rotor 
core. 


The greater part of the amplitude of the voltages shown in Fig. 4 
and nearly all the “saw-tooth” effect can be shown to be due to the 
second of these causes. 

Curves which were in all essentials similar to those in Fig. 4 were 
taken with other values of the motor load, and also with the stator 
winding open-circuited, and a second motor employed for driving the 
rotor. In order to separate the voltages due to field irregularity from 
those due to the slip of the motor, the rotor was coupled to a 
synchronous motor and driven at synchronous speed. The readings 
taken on the coils under these conditions, and representing the voltages 
of the rotor of a synchronously running induction motor, are given in 
Fig. 5. The voltages here shown may be said to be entirely due to 
irregularities of the field. The amplitude of the voltages in Fig. 5 are 
less than their true value at the normal voltage in the ratio of 233/300, 
which is the ratio of the voltage actually applied to the slip-rings to 
that giving the normal working field. 

In driving the motor synchronously, we are introducing conditions 
unlike those of the previous set of experiments. The main field is now 
stationary with regard to the coils, and the value of the voltages induced 
in them will depend on the position which the field happens to have 
taken up with regard to them. This was very clearly shown by driving 
the motor at a speed slightly below synchronism, and observing the 
fluctuations in the voltmeter readings, which oscillated between 
maximum values agreeing fairly closely with those given in Fig. 5 and 
values which were much lower, but which never reached zero. The 
conditions under which the readings of Fig. 5 were taken were such as 
to make the voltage of coil c a maximum, that is to say, the conductors 
of this coil must have been situated at points of maximum flux. 
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Value of Flux Pulsation.—Whhat is generally understood by the flux 
pulsation in a tooth is the variation in the strength of the flux passing 
through it on account of the varying reluctance of the air-path inter- 
posed between the tooth and the core opposite to it, as the rotor teeth 
revolve. "There is another sort of pulsation possible, due to the rotation ` 
of the main field past the points of varying reluctance represented by 
the tecth and slots. This form of pulsation is practically the same as 
occurs in the armatures of alternators, which has been investigated by 
Messrs. Worrall and Wall.* With a synchronously driven motor we 
are concerned only with the first kind of pulsation. We may obtainan 
idea of the ratio of the pulsation flux to the total flux per tooth from the 
values of the voltages induced in coil j, which consisted of fifteen turns 
wound round a single tooth of the stator. ` With stationary rotor and 
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ъ 


d e 
Search coil сете. 2 


Fic 5.—Search Coil Voltages in Rotor of Synchronously 
Running Motor. 


normal voltage applied to the stator, the voltage induced in this coil 
was 2:8 at 50 cycles (sce Fig. 3) corresponding to a flux in the tooth of— 


_ __2°8 x ro? 
~ 4°44 X 15 X 50 
The voltage induced in the same coil with the rotor supplied and 


driven synchronously consisted almost entirely of a series of nearly 
equal waves, having a frequency twenty-four times as great, due to the 


F = 84,200 C.G.S. lines. 


* Worrall and Wall, journal of the Institution of Electrical Engineers, vol. 37, 
p. 148, 1906; see also Worrall, ibid., vol. 39, p. 206, 1907, and Wall, fbid., vol. 40, 
р. 550, 1008. 
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forty-eight teeth of the rotor (see Fig. 15). This voltage is seen from 
Fig. 5 to have a virtual value of 2:3 volts. Making, as before, the 
assumption of a sinusoidal variation, the pulsating flux will be given by— 


2°3 X то? 


J= 444 X 15 X SO X 24” 2,880 C.G.S. lines, 


or at the normal working voltage we should find the pulsating flux 
equal to— 


es 3,720 lines 
A 233 2 , ) 
forming acd = 4'4 per cent. of the total flux of tlre tooth. 


Effect of Flux Pulsation on Coil Voltages.—A little consideration will 
make clear the reason for the “saw-tooth” character of the curves of 
rotor voltage. When the coils are of sufficient span to embrace a con- 
siderable number of teeth, the pulsations which occur as the flux varies 
its path from tooth to tooth within the span of the coil will not affect 
the voltage of the coils. The only pulsating effect to be considered will 
be that which occurs in the two outermost teeth of those embraced by 
the coil, since this is due to an oscillation of flux between these teeth 
and the next ones, i.e., an oscillation of flux across the conductors of the 
coil. It is evident that if the pulsations occur simultaneously at both 
ends of one coil, equal voltages will be generated which will cancel onc 
another, unless the polarity of the fluxes are opposite, in which case the 
two voltages will be added. Now, this condition obtains in the case of 
coil c, which has a span of exactly one pole-pitch, and which should, 
therefore, show a pulsation voltage, due to the joint action of the fluxes, 
which simultaneously enter the first tooth at one side of the coil and 
leave the last tooth at the other side. We might, therefore, expect that 
the voltage of coil c would show a voltage approximately double that of 
coil j, which was wound round a single tooth, and which was, therefore, 
acted upon by only one such flux. On referring to Fig. 5, and making 
allowance for the difference in the air-gap induction for the two coils, 
it is seen that the voltage of coil c does actually rise above that of the 
adjacent coils by about twice the voltage of coil j. The coils of wider 
span are much more affected by the other irregularities of the rotating 
field than the narrow coils (such as coil j), which are hardly affected by 
them at all. 

It has already been stated that the “saw-tooth” character of the 
voltages shown in Figs. 4 and 5 is due to flux pulsation in the teeth. 
This action may be regarded in the following general manner. Since 
each coil is wound intwo slots, there will be two sets of voltages induced 
in the coil by the passage of the rotor teeth past these slots. The phase 
relation between these high-frequency voltages must depend on the 
span of the coil when expressed in terms of rotor teeth. If the span 
of the coil is such that its sides pass simultaneously under rotor teeth, 
so that the two sets of voltages are in phase, the resultant coil voltage 
will be a maximum. If the conductors at one end of the coii enter the 
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flux of a tooth at the same time as the other end is leaving the flux of a 
tooth, the induced voltages will largely neutralise one another. The 
resultant voltage of any coil due to flux pulsations depends, therefore, 
upon whether it embraces a whole or a fractional number of rotor teeth. 
Further, in the event of the conductor of a coil entering the flux of two 
rotor teeth simultaneously, the resultant voltage will have a maximum 
or a zero value, according as the fluxes of the two tecth аге of identical 
or of opposite polarity. For coils having a span approximately equal 
to the pole-pitch of the motor, the pulsating flux at the two ends will be 
of opposite polarity. Hence, for such coils (which may be taken to 
represent the usual.type of winding of a motor), a span which is an 
exact multiple of the pitch of the teeth which rotate relatively to it will 
be the seat of a maximum resultant E.M.F. Оп the other hand, coils 
which have a pitch of less than one-half of the pole-pitch, will have 
a maximum voltage when the number of tecth embraced is a whole 
number plus a half (as in coils р, Л, i,j in the motor experimented upon), 
since the flux at the two ends of these coils will on the whole be of the 
same polarity. Applying this explanation to the curves given in Figs. 4 
and 5, we remember that the stator on which the search coils are wound 
has бо teeth, while the rotor has 48 teeth on its circumference. Coil а 
has a span of то stator teeth, corresponding to 19 X $5 or 1572 rotor teeth., 
This being nearly a whole number, we find a fairly high resultant voltage 
in this coil. By a similar calculation the span of coil b is equal to 13:6 
rotor teeth, which, being nearly а whole number plus a half, gives a low 
resultant voltage. Coil c embraces exactly 12 rotor teeth and shows a 
high resultant voltage, while coil d shows a low value, since its span is 
equal to 10'4 rotor teeth. Coil e again corresponds to nearly a whole 
number of rotor teeth, viz., 88, and accordingly has a high voltage. 

Coming now to the coils of smaller span, these show a uniformly 
lower voltage, due partly to the lower induction in that part of the air- 
gap in which they are situated caused by the longer air-gap at this 
point, to which allusion has already been made. This effect is magni- 
fied in the present case owing to the low induction (corresponding to 
155 stator volts) employed. Also, in the case of those coils which have 
a span nearly equal to half the pole-pitch, the polarity of the flux cutting 
the two ends of the coils will be alternately of an opposite and of an 
identical character, tending to produce voltages which are alternately 
in series and in opposition. The virtual voltage due to flux pulsations 
is therefore reduced, whatever relation exists betwcen the span and the 
number of teeth embraced (coils f and g). 


The spans of the coils forming the second group have the following 
values :— 


f corresponds to 7'2 rotor teeth, giving 1'1 volts. 


g 5 5'6 js n.o 24 ж 
h )» 40 ” » 1'7 » 
і » 24 n” yD 3°05 ” 
] Т o'8 » ж. 3 ds 
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It is to be noticed in the case of these coils that those embracing an 
exact number of rotor teeth show low resultant voltages, whereas thosc 
corresponding to an odd number of half teeth give higher voltages. This 
is in accordance with the discussion given on pages 141 and 142. А some- 
what fuller discussion of these voltages will be found in Appendix B. 

Returning to the two curves of stator voltage shown in Fig. 4, it is 
now easy to see why the voltages in the stator search coils are modified 
by the rotation of the open-circuited rotor. The flux pulsations which 
we have becn considering must exist in the stator teeth as well as in 
the rotor, and will induce high-frequency harmonics of voltage in the 
stator windings. It is thus evident that the voltage in each search coil 
is the sum of that indicated in Fig. 3, observed with the rotor stationary, 
having a frequency of 50 cycles per second, and of a smaller high-fre- 
quency voltage of approximately 9:5 x 300/233 = 12°25 volts (see Fig. 5).* 

'The stator voltage under rotation is therefore made up as follows :— 


(30-6) + (12°25)? == 35 volts, 


a result which is in close agreement with the curve. 

Results obtained by Grouping Coils.—Having considered the voltages 
developed in the individual coils, the next step was to investigate the 
effect of connecting a number of coils in series to form a complete 
winding. This was done by joining together several search coils in 
series and observing the voltage of the combination. With the supply 
on the stator, the voltage of the grouped coils was almost identical with 
that previously observed with the rotor stationary, the higher harmonics 
of voltage being too small in amplitude to have any appreciable effect. 

When the motor was run at synchronous speed with tlie supply on 
the rotor, the results shown on Fig. 6 were obtained. "These should be 
compared with the values of the separate coil voltages obtained under 
the same conditions and shown in Fig. 5. It is at once evident that the 
resultant voltage induced by field irregularities in several windings 
connected in series bears very little relation to the voltages of the 
individual windings, and is in general much smaller. This effect can 
be shown to be due to the fact that there are always voltages induced 
in some coils which are in direct opposition to those being simul- 
taneously generated in others. 

In order to form an idea of the way in which the voltages in succes- 
sive coils are added on connecting them in series, we may proceed in 
the following approximate manner. Taking the central coil c having a 
span of 15 stator teeth, its arc of embrace equals the pitch of 12 rotor 
teeth. The pulsation voltages in the two slots in which this coil is 
wound will thus be nearly in phase with one another, but not quite, on 
account of the slot opening, which makes one voltage a little later than 
the other. The value of the resultant voltage at synchronism is seen 
from Fig. 5 to be 95. As an approximation, we shall assume that this 
is all due to flux pulsation in the teeth. Since each stator tooth-pitch 


* The multiplier 33$ is required to make the values in Fig. 5 correspond to normal 
voltage. 
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corresponds to $ of a rotor tooth-pitch, the two voltages in coil b (having 
a span of two stator teeth more than coil c) will be respectively $ of a 
cycle in advance and $ of a cycle behind the corresponding voltages 
of coil c. Thus, assuming the same value of tooth induction, the voltage 
of coil b should be :— 

9*5 cos ($ х 360°) = 9:5 cos 72° = 3:8 volts. 


By similar reasoning, and again assuming the same value and phase 
of the flux in the teeth wnich simultaneously cut the coils, the resultant 
voltage in coil a should be— 


9'5 cos ($ х 360°) = 9'5 cos 216° == — 777 volts. 
A | | | | |[ёфнуймы з» 


Fic. 6.—Search Coil Voltages in Rotor of Synchronously 
Running Motor. 


Similarly the voltage of coil d would have a value 3°8 and that of 
coil e — 7'7 volts. These values are seen to have only a rough general 
agreement with the experimental ones given on the curve. This is 
indeed all that was to be expected, as we have neglected the phase 
difference in the voltages due to the sinusoidal variation of the flux 
round the air-gap, as well as that due to the width of the slot opening, 
and the effects of the want of constancy of the rotating field. If the 
actual voltages in the coils had the values just obtained from our rough 
calculation, we should obtain as the voltages of the coils when con- 
nected in series the following values :— 


Coil a “© ins ios ve or e. —7°7 volts. 
Coils a 4- b з ws S te у i5 
Coisa-4-b-4c ... I — 77 38-95 = 4-56 3 
Coils a 4- b -Ec4- d „2—77 +38 +095 + 38 = + 94 , 


Coilsa +6 +¢+a+e—774+384+954+38-77=+17 » 
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Here again we have only a very rough resemblance to the experi- 
mental values as given on Fig. 6, but sufficient to show the chief factor 
which governs the results obtained. 

The voltages induced in the grouped coils when the motor was 
running under load are shown in Fig. 7. 

The results just arrived at are not without practical importance, 
since they have a direct bearing on the question of wound rotors versus 
squirrel-cage rotors for short-circuited induction motors. For example, 
in Fig. 5 we see a pulsation voltage of 9°5 volts induced in the coil 
wound in a pair of slots having a pitch equal to that of the poles of the 
motor. This corresponds to nearly 1 volt per turn at the normal 
voltage. If such a coil were directly short-circuited on itself, as would 
virtually be the case in a squirrel-cage motor, we should probably 
obtain a considerable current of high frequency which would not 
contribute to the torque of the motor. By connecting in series the 


ac ed се £ fg fh 7-% fj 
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Fic. 7.—Search Coil Voltages in Rotor under Load. 


conductors in several slots, we see from Fig.6 that the resultant 
voltage due to irregularities of the field is much decreased, while at 
the same time the impedance of the circuit in which this voltage acts 
is largely increased. The pulsating currents and the heating due to 
them may thus be reduced to a relatively small value in a wound 
rotor. On short-circuiting the rotor winding of the induction motor 
under consideration, while driven at synchronous speed, the slip-ring 
current was found to have a value of just less than 1 ampere, although 
the open circuit slip-ring voltage was over 4 volts. 

It will be seen from the results that the damping out of high- 
frequency voltages in the rotor winding depends less on the number 
of slots per phase than on the relation existing between the spans of : 
the several coils. The same consideration will govern the extent to 
which the effects of “cogging” will make themselves felt, when full 
speed has been obtained. In most motors the magnitude of the 
voltages which are induced in the separate rotor coils is masked by the 

VoL. 46. 10 
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differential action between the coils, which makes it impossible to 
measure them. It is, however, evident that the slip-ring voltage at 
synchronism gives verv little information as to the actual amplitude of 
these pulsations. 

Oscillograph Records of Induced Voltage in Search Coils.—It will now 
be of interest to compare the oscillograph records of the voltages in 
the various search coils with the virtual values which we have been 
discussing. These records were taken under exactly the same con- 
ditions as the readings of the virtual values shown on Figs. 5 and 6. 
The motor was driven at synchronous speed by a synchronous machine, 
the stator being unexcited, while the rotor was supplied with current 
at the slip-rings so as to produce a rotating field which was stationary 
in relation to the stator and to the search coils mounted upon it. 

The series of curves reproduced in Figs. 8 to 15 show the wave- 
form of the voltages whose virtual values arc plotted in Fig. 5, and 
illustrate the character of the electromotive forces induced in the rotor 


Fic. 8.—Voltage in Search Coil a, embracing 19 Stator Teeth. 


of an induction motor by the irregularities of its rotating field. The 
scale of all the curves is not the same, but the relative amplitudes of 
the waves can be approximately judged from the cffective values given 
on Fig. 5. An examination of the curves shows that they all consist 
of a combination of three principal harmonics, and that the differences 
between them are due to the variety in relative amplitude possessed by 
these harmonics. "These three harmonics are :— 

I. A fundamental, or first harmonic, having the frequency of the 
supply, well-marked in Figs. 9 and то, which each comprise about 24 
wave-lengths of the fundamental. The amplitude of this variation 
shows the extent of the change in strength of the flux per pole of the 
motor. 

2. А sixth harmonic, which shows prominently in the curves of 
Figs. t1, 13, 16, and 17. This is due to the variation in the field 
produced by the excited winding, and is not caused by flux pulsation. 
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Fic. 9.— Voltage in Search Coil b, embracing 172Stator Teeth. 


Fic. 10.— Voltage in Search Coil c, embracing 15 Stator Teeth. 


Fig. 11.-—Voltage in Search Coil d, embracing 13 Stator Teeth. 
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It shows, in fact, the influence of the changes of maximum induction 
and speed of the field which are most strongly marked at 12 points of 
the motor circumference (see page 133). 

3. А twenty-fourth harmonic due to flux pulsation, and dependent 
for its period on the number of teeth acting upon the winding—in the 
present case twenty-four per pole-pair of the motor. This harmonic 
can be traced in all the curves, except Fig. 17, and is specially well 
marked in Figs. 8, 9, 10 and 12. 

The voltages which have a high effective value, e£. curves of coils 
а, с, and e, are seen to be distinguished from the others mainly by the 
greater amplitude of the component due to pulsation. As already 
shown, the span of these coils corresponds nearly to a whole number 
of rotor teeth. In coils b and d we have examples of the differential 
action occurring between the two ends of coils which span an odd 
number of half-teeth. The oscillations are no longer free and of equal 
length, but are very unequal, the majority being of small amplitude. 
These curves are typical of the rest, which resemble one or the other 
in varying degree. 

Figs. 16 and 17 show the voltages in coils connected in groups. 
The harmonics due to pulsation are here of small amplitude, since 
those generated in successive coils are in mutual opposition. The 
more important of these is the group a to e in Fig. 16, since this shows 
the voltage of the search coils occupying the same slots as the actual 
coils of the stator winding. We still see the same 48 peaks in the time 
of one complete wave of the fundamental, although their amplitude is 
much reduced, the scale of this curve having been increased in order 
to make the curve clear. Each peak must in fact be looked upon 
as representing a voltage which is the vector sum of ten separate 
voltages formed in separate slots, and which are out of phase with each 
other in varying degrces. 

The question naturally occurs : To what extent can the oscillations 
observed in the search coils which are wound close to the mouth of the 
slots be taken to represent the flux variations occurring in the body of 
the teeth and acting on the actual motor winding? ‘The answer to this 
seems to be that the effects observed are not confined to the surface of 
the core, but are substantially the same as those which are experienced 
by the winding itself. "This was tested by comparing the synchronous 
voltage induced in the stator winding with that measured in the search 
coils wound in the same slots, and also by taking curves of the rotor 
voltage on the oscillograph in the same manner as on the search coils. 
А comparison of the virtual voltages measured on the search coil and 
stator winding respectively showed that the flux pulsations affected 
both in practically the same degree, while the oscillograms taken on 
the two windings are almost identical. 

The importance of employing a sinusoidal voltage in the experi- 
ments was found, for on applying a voltage to the motor derived from 
an alternator giving a somewhat peaked and otherwise less regular 
wave-form, the curves observed in the search coils were of such a 
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Ес. 13.— Voltage in Search Coil f, embracing 9 Stator Teeth. 
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Fic. 14.—Voltage in Search Coil k, embracing 5 Stator Teeth. 


150 SMITH: IRREGULARITIES IN ROTATING FIELD [Nov 8th, 


FIG. 15.— Voltage in Search Coil у, embracing 1 Stator Tooth. 


Fic. 16.—Voltage in Search Coils a to с, connected in Series. 


Fic. 17.— Voltage in Search Coils f to j, connected in Series. 
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complicated form as to make it practically impossible to assign definite 
origins to the various harmonic waves. 

Further Tests on another Motor.—In order to confirm the general 
conclusions drawn !from the tests already described, a further set 
of search coils were wound on another motor having a different type 
of winding and a different construction in other respects. The motor 
chosen for this purpose was a 6-pole 5-H.P. motor made by Siemens 
Bros., having 54 stator slots, 29 conductors per slot, and 39 rotor slots 
with 4 conductors per slot. The stator winding was carried out with 
3 coils per pole and phase, 3 sets of coils being connected in series to 
form each phase-winding. The voltages measured in the search coils 
of this motor were similar in their relations to those already discussed 
and do not call for any special mention, except as confirming the 
conclusions previously arrived at. The voltages generated in thesc 
coils corresponded in every way with those already observed in the 
three central coils, b, c, d, of the other motor. 

Interesting results were obtained bearing on the distribution of the 
stator voltage between the several coils which are connected in series 
to form the stator winding. 

Effect of Uneven Air-gap.—The stator winding of an induction motor 
is necessarily formed of several coils connected in series, and the voltage 
applied to the stator will be divided equally between these coils, if the 
induction in each is the same. If, however, the air-gap of the motor is 
not uniform, the voltage will be distributed between the coils approxi- 
mately in the ratio of the flux densities at the points where the coils are 
situated—that is, roughly in the inverse ratio of the air-gap lengths at 
these points. It must frequently occur that through wear of the bear- 
ings and other causes, the air-gap of an induction motor is not uniform 
all round the rotor, and the author believes that it is not generally 
realised how few of these motors have an air-gap which is sufficiently 
uniform to give an approximately constant induction in all directions. 
Mr. Miles Walker has told the author that with liberally designed 
bearings the wear should be practically nil, although cases do arise 
where unfair conditions have caused the rotor to sink sufficiently to 
touch the stator. Large induction motors are made with adjustable 
bearings, and the air-gap is supposed to be corrected before it has 
become reduced by more than 15 per cent. Не has found in ordinary 
shop practice that the air-gap will sometimes be 15 or 20 per cent. out 
oftruth. In motors examined by the author, in actual service, an even 
larger discrepancy has been found. 

It would be easy to over-estimate the importance of this want of 
uniformity of the field, but it may be worth while to enumerate the 
disadvantages likely to arise from it, viz. :— 


I. The magnetic drag on the rotor in the direction of the strongest 
field. 

2. The concentration of the applied voltage in certain coils of the 
winding, producing unequal dielectric stresses. 


192 SMITH: IRREGULARITIES IN ROTATING FIELD [Nov. 8th, 


3. Increased hysteresis and eddy-current loss in the teeth subjected 
to high induction. 

4. Unequal voltages in the phases of the rotor resulting in an 
unsymmetrical distribution of currents, varying with the 
frequency of rotation. 


Evidently, these points are all arguments in favour of using as large 
an air-gap as possible, in order that an unavoidable inequality may have - 
a small relative value. The calculation of the magnetic pull due to thc 
eccentricity of the rotor is dealt with in a paper by Rey.* 

Coil Voltages in Non-uniform Air-gap.—1t has already been mentioned 
that the break of the curves of Fig. 3 was due to the unequal lengths of 
the air-gap in the two positions occupied by the coils. The extent to 
which the unevenness of the air-gap modified the voltage distribution 
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Fic. 18.—Illustrating Uneven Distribution of Applied Voltage 
in Stator Winding. 


in the phase winding of this motor may be seen from Fig. 18. Herc 
the portion of the total phase voltage absorbed by one pole-winding is 
plotted on a base of supplied volts. The volts taken by the pole- 
winding were calculated from the induction in the search coils wound 
in the same slots, while the motor was stationary with open-circuited 
rotor. 

The winding embraced a part of the stator where the air-gap was 
small, and the droop in the curve shows the effect of the earlier 
saturation of the teeth at this point. 

À somewhat similar result, taken on the 5-H.P. Siemens motor, 
already mentioned, is shown by the thrce curves in Fig. 19. 

In this case three sets of search coils were wound on the stator in 
the same slots as the conductors of the stator windings of the motor. 
The positions of these search coils corresponded with the coils of onc 
complete phase-winding of the stator, so that the relative voltages 


* Éclairage Électrique, vol. 38, p. 281, and vol. 41, р 257, 1904. 
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induced in these three coils could be taken to represent the relative 
inductions at the three points of the stator occupied by one phase- 
winding, and also the proportion of the applied voltage absorbed in 
the several coils of this phase. The motor chosen had a very small 
air-gap—viz., 16 mils. Owing to wear of the bearings, the motor had 
sunk 3 mils, leaving an air-gap of 19 mils at the top and 13 mils at the 
under-side of the rotor. 

The induction at three different points of the stator was first found 
without current in the rotor, by supplying the stator with a gradually 
increased voltage and observing the volts induced in the three search 
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Fic. 19.—Relation between the Voltages of the three 
l'ole-windings of the Stator. 


coils. The readings of the coil voltages are given in Fig. 19, where 200 
volts represents the normal stator voltage. The two lower curves arc 
the readings of coils situated near the top of the stator and consc- 
quently in a part of the air-gap larger than thg normal. The uppcr 
curve is that of a coil іп an abnormally small air-gap. . 

The effect of the saturation of the teeth in modifying the voltage 
distribution is very clearly shown, and it is evident that the teeth at the 
bottom of the stator are very highly saturated. 

The effect of rotation and of load on the distribution of the voltage 
in the coils was very slight. 

In one of the other phases of the same motor two pole-windings 
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were near the bottom, while only one was in the less dense field at the 
top, producing the result of a smaller total reactance in this phase. 

In comparing these curves with the previous ones shown on Fig. 18, 
it may be noted that the drop in the rotor is the same in both cases, 
but that the initial air-gap of the Siemens motor was smaller and the 
effect of the rotor eccentricity was consequently greater. 

Effect of Uneven Air-gap on Motor Output.—The experiments already 
described were sufficient to show that an uneven air-gap may produce 
inequality in the rotor phase voltages, especially where the number of 
pole-windings is small. The position of the search coils did not permit 
of an examination of the actual irregularities introduced in the rotor 
voltage or current by rotation in an air-gap of varying length. From 
measurements of the rotor voltage and current with the rotor stationary 
and in different positions, a variation of about 5 per cent. was found, 
most of which was probably due to this cause. 

It seems highly probable that an unbalancing of the rotor phase 
voltages should be accompanied by an increase in the losses of the 
motor, and that the greater the number of closed circuits in the rotor 
winding, the greater would be the liability for such losses to occur. 
Thus we might expect greater losses from this cause in a motor with 
mesh-connected rotor than in a star-connected rotor, and greater losses 
still in a squirrel-cage motor having the same degree of eccentricity. 
In this connection it may be worth while to refer to a paper by Messrs. 
Hillebrand and Charters,* in which they describe experiments upon 
the effect of an out-of-balance in the voltage applied to the stator of an 
induction motor. They found that the output of the motor was 
decreased considerably by inequality in the voltage or power factor of 
the phases of the supply. A voltage out-of-balance of 5 per cent. 
produced something like 15 per cent. decrease in the output of 
the motor. 

Osnos f has called attention to the heavy equalising currents which 
may be set up in the rotor of a squirrel-cage motor, if the rotor is not 
central, and has proposed special means for reducing these. In the 
case of wound rotors, it is probable that the increase in the iron losses 
is more important, although an increase in the rotor copper losses, due 
to circulating currents, is to be expected. 

In conclusion, the author wishes to make acknowledgment to thc 
Principal and Committee of the Municipal School of Technology, 
Manchester, where the experiments described in this paper were 
carried out. For assistance in the experimental work, he desires to 
thank his colleague, Mr. W. Grant, and Mr. P. E. Bamford, a former 
student of the Schools, for much painstaking work in connection with 
the measurements, as well as Mr. J. Davies for help in taking the 
oscillograph records. 


* Transactions of the American Institution of Electrical Engineers, vol. 28, pt. 2, 


р. 1253, 1909. 
t Zeitschrift für Elektrotechnik, vol. 20, p. 389, 1902. 
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APPENDIX A. 
CALCULATION OF COIL VOLTAGES. 


The voltages induced in coils of different spans may be calculated 
as follows on the assumption of a sinusoidal field distribution :— 
Let— 
E sin 8 represent the voltage induced in the conductors of 
one half of the coil, 
then— 
E sin (0 + z +a) will be the voltage simultancously induced in 
the other side of the coil, 


where— 
a — the electrical angle spanned by the coil. 


These two voltages will act in the same sense round the coil, so that 
the resultant voltage at any instant will be— 


E [sin 0 + sin (0 + я + a)]. 


The virtual value of this voltage will be— 
/ 2 E cos (Z t "). 


In the present instance the motor is 4-pole and has 6o stator teeth ; 
720 


6o == 12° of phase angle. 


consequently, each tooth-pitch corresponds to 


We may therefore write the virtual voltage of a coil embracing т 


teeth as— 
e cos (go? + 6 m»), 


where e is the voltage induced in a coil having a span of one pole- 
pitch. 

The voltages in the coils of various spans will then have the follow- 
ing values expressed in terms of the voltage of coil c, which has a span 
of 15 stator teeth, exactly equivalent to one pole-pitch :— 


Voltage as 
| Coil. St ann F m phas 
a I9 COS 24? = O'9I4 
b 17 COS 12? — 0'978 
с 15 COS 09 = 1:000 
а 13 COS 12° = 0:078 
е II COS 24° = O'9I4 
f 9 cos 36° = $09 
r4 7 cos 48° = 0:669 
h 5 cos 60? — 0'500 
1 3 COS 72? = 0'309 
j I COS 84° == O'IOS 


166 SMITH: IRREGULARITIES IN ROTATING FIELD [Nov. 8th, 


The observed values of the voltages of the last five coils werc less 
than the calculated values on account of the smaller induction in thc 
part of the air-gap in which they were situated. 


APPENDIX B. 
CALCULATION OF VOLTAGE DUE TO FLUX PULSATIONS. 


The voltage produced in the stator coils as a result of the flux 
pulsations in the stator teeth set up by the rotation of the rotor may be 
calculated as follows, on the assumption that other disturbing factors 
are absent. 

Let E sin 3 be the voltage induccd by the passage of the pulsating 
flux across the conductors forming one side of the coil. 

à is a varying angle which passes through one complete 


us t E 
period in — second, 
пт 


where— 
п == revolutions per second of rotor. 
т = number of teeth possessed by rotor. 


Assuming the two sides of the coil to be situated in equal fields of 
the same polarity, the voltage simultaneously induced in the opposite 
side of the coil and in the same sense round it would bc— 


E sin (ё + r + 2 я т,), 


where m, = number of rotor teeth in the coil span. 

Since, however, the flux crossing the conductors at the two sides of 
the coil will not generally have the same value, there will be a further 
relative phase displacement between the two electromotive forces due 
to this cause. 

This displacement will have a value— 


2apM, 
M 
where— 
f = number of pole-pairs of motor. 
М = total number of stator teeth. 
M, = number of stator teeth in span of coil. 


The voltages in the two sides of the coil may, therefore, be written— 
КУЗП. us um ж.о оё че Чу cue o RS ge UPS Жа О cmn Uh зв Г) 


E sin[2 + w+ 27 (m - F7). їс doo дат. р be O) 
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The virtual value of the resultant voltage due to these two acting in 
the same coil will be— 


e= 2 Е cos (т, — 2E + +) 


In the present case, since the rotor had 48 teeth, and the stator 6o 
teeth, we may write for m, the value 45 M, = $ M.. 
So that by substituting p = 2 and М = бо, we have— 


e= ,/2E cos т (0767 M, + 4). 
This will have a maximum value for coil c, when M, is 15. 


Taking the pulsation voltage in coil c as unity, the corresponding 
voltages in the ten coils of different spans will be as follows :— 


Coil Span in Pulsation | Coil Span in Pulsation 
| Letter. Teeth. Voltage. Letter. Teeth. Voltage. 
| a 19 — 0:980 f 9 — 031 
| : (= 07214) 
b 17 + 0:096 Y 7 + 0°92 
| (+ 0613) 
[я . + гооо | li 5 + 0°5 
| (+ 0°337) 
d 13 + 0'096 i 3 — 08r) 
, — 0°54) 
€ 11 — 0'980 J I — 0°57) 
КОИ REPRE ee MEER, (— 0447) 


The last five coils were situated in a part of the air-gap having a 
flux only about two-thirds of its value in the position occupied by the 
first five coils. On reducing the voltages for these coils in this ratio 
we obtain the values given in brackets in the table. 

The pulsation voltages just calculated are plotted in Fig. 20, which 
should be compared with Fig. 5. Such a comparison shows how the 
voltages in the coils with a wider span are increascd in theactual motor 
by the other irregularities of the field, as is also evident from the 
oscillograph curves. The actual value of this added voltage in any 
particular coil depends upon the position of the coil relatively to the 
field, and has a different value for each coil. In the conditions under 
which the oscillograph curves in the paper were taken, the sixth 
harmonic appears with special prominence in certain coils, whereas 
with another position of the stationary field other coils would have 
these harmonics most prominently. 

Thus, not only the amplitude, but also the form of such curves 
as that shown in Fig. 6, in which thc coils are grouped, varies with thc 
relative position of the field and stator. The oscillograph curves taken 
on the grouped coils show that the harmonics of lower frequency arc 
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damped out to a less degree than those due to the high-frequency flux 
pulsations. The resultant voltage of a group of coils is thus chiefly 
determined by the harmonics of the rst and 6th order. 


APPENDIX C. 


VARIATIONS IN THE ROTATING FIELD DUE TO DIFFERENT NUMBERS 
OF STATOR SLOTs. 


(Abstracted from an article in the “ Elektrolechnische Zeitschrift,” vol. 
22, p. 274, 1901, by J. B. KRANTZ.) 


(a) The maximum induction in the teeth of the stator is different 
for teeth in various positions on the stator, and has its greatest value 
in those teeth which lie between two adjacent phase windings, and 
its least value in teeth which lie at the centre of a coil. 


Pulsation voltages : 


a 
Search coil Tethers. 


Fic. 20.—Calculated Voltages due to Pulsation. 


The ratio of the maximum induction in teeth lying between the 
coils to that of the teeth situated at the centres of the coils will have 
the value indicated Бу ? in the annexed table, for various values of the 
number of slots per pole and phase. 

The ratio of the maximum flux per tooth to the average flux per 
tooth of the motor is given in column c in the table. (By the term flux 
is meant the maximum value of the flux during a cycle.) 

(b) The speed of the rotating field varies, having a maximum value 
at points in the stator where two coil windings meet, and a minimum 
value at the centres of the spaces occupied by the coil winding. 

The ratio of the least to the greatest angular velocity is given in 
the table under 7. 

(c) The total flux per pole varies slightly during each cycle; the 
ratio of maximum flux to minimum flux is given in the table under s. 
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(d) Finally, the E.M.F. of a winding may be calculated from the 
product of the flux of each tooth by the number of windings of one 
phase with which the flux is linked. 

Assuming a sinusoidal variation of the flux, the value of the E. M: F. 
is given by a formula of the form— 


E=kewFN x 107%, 
where— 
F is the average value of the maximum flux per tooth. 
N is the number of conductors composing the winding which 
the flux links. 
k is a coefficient given by the following table :-— 


q Р г $ c k 

I 1*000 1:00 ГООО 1°50 2°22 
2 1°154 1°33 1'005 г'05 2°15 
3 1:134 1'29 1'008 1'69 2:13 
4 I'154 1°33 1'009 1'70 2°13 
5 1'147 1°32 1'009 I'7I 2°12 
6 1°154 1°33 I'009 1'71 2°12 
7 17151 1°32 1'009 I 7I 2:12 
со I'154 1:33 I'OIO I'71 2:12 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION. 


Мг. W. Cramp: The development of electrical machinery has Mr. Cramp. 
advanced so far that very little in the way of absolutely new machines 
can be expected, and, in consequence, we are very much indebted to 
any one who will give the time and patience to a detailed examination 
of any conditions affecting the performance of well-known apparatus. 
Such work must lead to small but radical advance, though the amount 
of work involved in what seems a small accession of knowledge is very 
large, as is clear from the paper. For instance, on page 148 it would 
seem that a very large number of experiments have been carried out, of : 
which, I think, only the general results are given. Now, of the many 
issues in the paper requiring further explanation, I will select one or 
two which seem to me very important. On page 137, under the heading 
of “Grouping of Coils,” we find the statement, “On connecting the 
search coils belonging to one pole together in series, the resulting 
voltage was found to be equal to the arithmetic sum of the voltages of ' 
the individual coils. This was to be expected." Now, I do not find 
any clear evidence in the paper as to the saturation of the teeth, and it 
seems necessary to point out that the above result was not to be ex- 
pected, except on the assumption of fairly low tooth densities. On 
page 134 mention is made of a motor which has been particularly tested. 
The machine had 6o slots in the stator and 48 in the rotor, and it had 
4 poles—tkat is, 15 and 12 slots per pole respectively. Now, the greatest 


Mr. Cramp. 
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common factor of these two numbers is 3. I call attention to this 
matter here because it affects the results throughout the paper, though 
I do not find any reference to this G.C.F. by Mr. Smith. The author, 
on page 139, in giving reasons for variations in voltage, omits altogether 
any reference to pulsation pro:luced by eccentricity of the rotor with 
respect to the shart. In some cases I have found such lack of truth to 
be very important. On page 139 also I would call attention to the very 
beautiful method employed to obtain the effect of the pulsations by 
eliminating the main rotating field. I think that the agreement in form 
between Figs. 3 and 5 is very good as bearing witness to the truth of 
the explanations offered for the effects noticed. On the bottom of the 
same page we read: " The conditions under which the readings of 
Fig. 5 were taken were such as to make the voltage of coil c a 
maximum - that is to say, the conductors of this coil must have been 
situated at points of maximum flux." Here there seems to be an error. 
When the voltage of coil c was a maximum, the rate of change of 
flux through it was a maximum, of course; but it does not seem to me 
to follow that the flux itself was a maximum. Оп page 141 the effect of 
flux pulsation on coil voltages is discussed, and Mr. Smith approaches 
this question from the point of view of the flux per tooth. I venture to 
think that, though that method may be right in the present case, there 
is a further effect not considered. I think that a component of the 
pulsating voltage might be due to the number of times per second there 
was a correspondence between the rotor and the stator teeth. It does 
not follow that this change would correspond with the flux moved per 
tooth. Perhaps the case is more easily illustrated if we imagine a 
2-pole motor with one stator coil per phase, and as many teeth in the 
rotor as there are in the stator. Under those conditions at one instant 
the whole of the teeth will correspond all round. The next instant the 
teeth of the rotor will be opposite the slots in the stator, and that 
change of flux need not correspond to the flux which actually passes 
across the slots, as described in the paper. "The effect to which I refer 
is thus scen to be dependent on the G.C.F. between the stator slots per 
pole and the rotor slots per pole. On page 151 there are given some 
tests on a Siemens motor which had 54 stator slots and 39 rotor slots. 
In this case the G.C.F. is only 1, so that the results due to the effect I 
mention should be much smaller. On the same page the effect of 
uneven air-gap is mentioned, and I think it should be remembered 
that, even if the air-gap is uneven, as described, the effect will be 
smaller than Mr. Smith thinks, especially with a small number of poles, 
for the path of the flux involves crossing the gap twice, so that in a 
2-pole case the increase in field strength, due to uneven air-gap, should 
be practically zero. Finally, we may consider the general bearing of 
the whole paper on induction-motor design, and I think we can come 
to but one conclusion, that pulsation voltages are of importance only in 
very high-pressure machines, and the average induction motor as at 
present constructed is, on the whole, wonderfully frce from effects due 
to irregularities in its field. 
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Professor E. W. MARCHANT: I should like, in the first instance, Professor 
to refer to some work that has been done by one of my former students, Merchant. 
Mr. Lawson, who is, unfortunately, unable to be present this evening. 
In my laboratory at Liverpool, a good many tests have been made by 
him on the irregularities in the rotating field of induction motors, on 
much the same lines as those Mr. Smith has carried out. I hope Mr. 
Lawson will forward, as a contribution to the discussion, the results 
of some of his experiments on a 2-phase motor. These results will 
be of interest in comparison with those that Mr. Smith has obtained. 
I may just mention one point as to the cffect which the load on the 
motor has of increasing the losses due to pulsations in the teeth of the 
induction motor. Mr. Lawson made a good many experiments on this, 
апа found the increase in those pulsation losses very considerable, the 
magnetic pulsations in the teeth being in certain cases morc than 
doubled under full load. The author gives us the figures for the 
voltage induced in the rotor on open circuit and the corresponding 
current. Of course, it is quite clear that under these conditions the 
frequency of the voltage which is induced in the rotor will be very 
high, since it is caused mainly by field irregularities due to the tceth, 
and therefore it is not surprising that the current which flows in this 
particular case is small, on account of the large impedance of the rotor 
to these currents. 

Mr. Smith refers to four possible effects of an uneven air-gap. I 
think the first one is really of negligible importance, because the 
magnetic drag which is produced with an eccentric rotor depends 
simply on the hysteresis and eddy-current losses in the rotor, and 
therefore this magnetic drag is a small effect, and is taken account of 
in (3); the additional losses give lower efficiency and a diminished 
torque. Referring to *the concentration of the applied voltage in 
certain coils of the winding producing unequal dielectric stresses," 
that, I think, again is a really unimportant point, because we know that 
the inequality of the stresses that occur in an induction motor when it 
is switched on are very large as compared with any inequalities that 
can possibly be obtained from unequal distribution of the field. As to 
“unequal voltages in the phases of the rotor resulting in an unsym- 
metrical distribution of currents, varying with the frequency of rota- 
tion," this is, I think, one of the most important effects of an uneven 
air-gap that we have to consider. It should be noticed, however, that 
the effect due to eccentricity is only important if it produces unequal 
loading of the phases of the stator. The current in all the coils of any 
one phase must be the same, and therefore the corresponding rotor 
currents must be practically the same. If the currents in the three 
phases are different, however, unequal bands of rotor current are pro- 
duced, which have the effect of causing useless circulating currents in 
the rotor conductors and consequent excessive heating of the rotor. 
This is emphasised by the illustration quoted by Mr. Smith at the end 
of his paper. 

Мг. С. W. WORRALL: The subject of magnetic oscillations is Мг. Worrall, 

VoL. 46. 11 


Mr. Worrall 


162 SMITH: IRREGULARITIES IN ROTATING FIELD [Nov. 8th, 


of very great interest to me, and I am glad to sec that the oscillograph 
and search coils have been brought into service to reveal the internal 
working of the polyphase induction motor, for I think that such a 
method of investigation is the most reliable and yields the most inter- 
esting results. ‘Turning to the results obtaincd, I find a very interesting 
confirmation of some work I published in 1908. The machine I 
employed was a synchronous generator with rotating armature. By 
varying the width of the pole-face, I found that the magnetic pulsations 
as shown by a search coil wound round the pole-shoe, were a maximum 
when the polar arc was an exact multiple of the tooth-pitch, and a 
minimum when it was a whole number plus one-half. The electrical 
and magnetic conditions obtaining in such a machine appear to be 
similar to those in the induction motor as arranged for the experiments 
described by the author, for when the rotor rotates at synchronous 
speed, the field produced by a 3-phase current in the rotor windings 
is approximately stationary in space and constant in magnitude. The 
stator teeth will therefore cause no pulsation except as a function of 
any cyclic irregularity which may exist in the main flux. Since this 
latter is in any case very small, the influence of the stator teeth may be 
considered as a negligible quantity. The rotor teeth, however, are 
passing through the main field and will therefore set up pulsations. 
These pulsations will induce E.M.F.’s in a coil on the stator in exactly 
the same way as in the case of the pole-shoe coil іп my own experi- 
ments, and should therefore be subject to the same law as regards the 
span of the coil. That this is the case may be readily seen from page 
141, and the oscillograms given in Figs. 8 to 12. Here coils a, cand e 
span 1572, 12 and 8:8 rotor teeth respectively, all of which numbers are 
nearly whole nnmbers, while coils b and d span 13:6 and 10'4 respec- 
tively, which may be written approximately as whole numbers plus 
one-half. In the former case the magnitudes of the oscillations are 
much greater than in the latter case, both in the oscillograms and in 
the actual voltmeter measurements given in Fig. 5. Thus the author's 
results and my own are in agreement. The influence of the stator 
teeth is of far greater import when the motor runs under normal con- 
ditions, for then the stator teeth are subject to the rotation of the main 
field at synchronous speed, and therefore produce pulsations in it in the 
same way as the rotor teeth do in the author's experiments. Under 
these conditions, however, the rotor teeth have far less import, for they 
are only subject to the main flux rotating at the speed of slip, hence the 
pulsations produced by them will be relatively small. Such conclusions 
assume that the two sets of teeth behave independently of each other 
and although I am quite aware that this is not generally considered to 
be the case, my own observations of the behaviour of the magnetic flux 
between two surfaces separated by an air space lead me to believe that 
the two sets of teeth behave to a great extent in a manner independent 
of each other. 

I certainly hope that the author will extend his experiments to the 
question of the influence of load and the relation between the stator 
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and rotor teeth. I would like to suggest that he employ some method 
of marking the relative positions of the stator, rotor, and field on the 
oscillograms, and also that the oscillograph be calibrated and the scale 
marked on each record, so as to render a comparison possible. 

Dr. E. ROSENBERG: I am in agreement with the remarks of the 
author that air-gaps of induction motors should not be taken too 
small. After all, mechanical reliability is, for the user, the most 
important feature of a motor, and it is not right to sacrifice mechanical 
reliability in order to improve the electrical performance. Certainly 
we want a good power factor, but we must not reduce the air-gap below 
the safe limits. 1 should say that in electrical machinery by far the 
greatest number of breakdowns is due to mechanicalreasons. Excellent 
electrical performance shows up mainly on a test, like that of a good 
scholar at a school examination ; but it does not necessarily follow 
that the pupil who makes the best show at an examination is the one 
who is most successful in life. I would like to take exception to 
the statement of Mr. Smith on page 145, “If such a coil were directly 
short-circuited on itself, as would virtually be the case in a squirrel-cage 
motor, we should probably obtain a considerable current of high 
frequency which would not contribute to the torque of the motor,” 
and to a quotation from a paper by Osnos on page 154, who “ called 
attention to the heavy equalising currents which may be set up in the 
rotor of a squirrel-cage motor, if the rotor is not central" I do not 
think that this equalising current would amount to any great value. Of 
course, if we divide the measured voltage by the resistance of the 
squirrel cage it would show the possibility of a very great current, but 
we must not forget that every equalising current at once reduces the 
fields which set up this voltage. If a fully excited alternator is on 
steady short circuit we do not get more than about twice normal 
current—that is to say, the full field of the alternator is practically 
wiped out by twice full-load current. Therefore we can see that the 
comparatively small fields which would produce in an open-circuited 
winding higher harmonics of only a few per cent. of the full open- 
circuit voltage of the rotor will be at once destroyed by very small 
equalising currents. Mr. Cramp suggested that the addition of currents 
of different frequencies, as shown on page 143 of the paper, would only 
be correct if the passing harmonics were sinusoidal waves, but this is 
not so. The resultant value of waves of different frequencies can 
always be taken as the R.M.S., whether each of the components is 
a simple harmonic or is in itself the R.M.S. value already of several 
components of different frequency. If one of the components is not a 
sinusoidal wave, this only indicates that the measured value of this 
component is itself a resultant of sinusoidal waves of different fre- 
quencies, and it does not matter whether the R.M.S. of all the different 
components is taken at once or taken in different steps, it always 
remains the same. Let us assume that four harmonics of different 
frequencies would have respectively the measured value of a, b, c, d, 
then we obtain the same result whether the operation is— 


а + 0° 4 с? + 4°; 
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or whether we work in steps— 


v/ (Jator + (Je + Фу; 
or— 


A (Ja? + + ey + d 


Mr. J. FritH : I will confine my remarks to the effect of uneven 
air-gap. The author says, “ Тһе stator winding of an induction motor 
is necessarily formed of several coils connected in series.” If this 
effect of unequal induction is really likely to be troublesome, we can 
connect the coils on the opposite side of the motor in parallel and not 
in series, and instead of having the magnetising current the same and 
the flux varying inversely with the clearance, we can put the same 
voltage across the coils, and then the flux is bound to be the same 
whether the rotor is central or not. 

Мг. Е. C. Atpous: Referring to the decrease in output, it is a 
well-known fact that if the rotor of an induction motor is out of centre, 
and if the coils are connected in series, there is a higher flux on one 
side of the motor than on the other, causing an unbalanced magnetic 
pull, but any extra losses that are set up cannot be considered as 
important, or as affecting the output of the motor. They will be 
confined to the stator teeth, and are therefore very easily got rid of. 
The scheme of connecting the windings in two or more circuits as 
suggested by the last speaker is frequently met with, but is not 
practicable in many cases, particularly in high-tension motors. With 
regard to the question of bearings, I should like to endorse Mr. Miles 
Walker’s views that on good bearings the wear should be practically 
nil. If bearings start to wear quickly, it is generally necessary to alter 
the mechanical arrangements, or instal larger bearings. The wearing 
is mostly due to bad lubrication, or some mechanical feature. 

Мг. Е. A. LAWSON (communicated): I have been very much in- 
terested in the oscillograms of the E.M.F.’s induced in search coils 
placed in the stator slots, but note that these records have been taken 
only on light load. The following remarks on some experiments 
carried out at the Applied Electricity Laboratories, Liverpool 
University, by myself some time back, may be of interest as showing 
the effect of load on the field variations. The machine used for the 
experiments was a 2-phase 4-pole 5-B.H.P. motor which was run on a 
200- volt 50-cycle supply circuit. The stator slots numbered 48 and the 
rotor 36; search coils were fitted in positions shown in Fig. А. Coils 2, 
3, and 4 spanned a pole-pitch and consisted of one turn. Coil 1 con- 
sisted of five turns wrapped round the tip of a tooth as shown. The 
wave shape of the induced E.M.F. in coil 1 for light load is shown in 
Fig. B, and consists of a fundamental due to the main field and a 
number of ripples corresponding to the number of rotor teeth passing 
the coil per second. The amplitude of the ripples varies according to 
the strength of the field in the tooth. By inserting a slip resistance in 
the rotor circuit the speed of the rotor was reduced, and, as shown in 
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Fig. C, the number of ripples corresponding to one wave-length of the 
fundamental is reduced from about 18 to 16. Fig. D shows the induced 


Fic. A.—Position of Coils. — 


E.M.F. on load, and it will be seen that the pulsations have increased 
greatly in amplitude. The shape of the wave-form suggests that there 


Fic. B.—Coil 1, Light Load. 


are two sets of pulsations superposed—those due to the main field and 
those due to stray flux caused by the stator and rotor currents. The 
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Fic. C.—Coil 1, Light Load, Slip Resistance Inserted. 


main point, however, seems to be that on load the losses due to the 
high-frequency E.M.F.’s induced in stator and rotor teeth will be 
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Fic. D.—Coil 1, Full Load. 


considerably greater than those on light load, which latter can bc 
experimentally determined. Fig. E shows the E.M.F. induced in coil 2 
on light load, and Fig. Е the same on full load ; the ripples in the E.M.F. 


Mr, Lawson. 


Mr. Lawson. 
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wave are very pronounced on load, absorbing part of the applied 
potential difference and reducing the strength of the main field. It will 
be noticed that the main field in Fig. F seems to change in shape. It 
was found that a complete cycle corresponded to a slip of one-sixth of 
a revolution, i.e, when the rotor coils are again in the same position re- 
latively to the revolving field. It would not be possible to show how 
this wave varies during a slip of 1 revolution; but, briefly stated, the 
fourth harmonic moves slightly from one side to the other of the zero 
line and also increases and decreases in magnitude slightly. On light 


Ikie 


Fic. E.—Coil 2, Light Load. 


load, however, there is a curious difference ; the amplitude of what we 
may call the fourth harmonic varies, increasing to a maximum and 
sinking to zero, then increasing to a negative maximum. It would 
appear that on light load a true fourth harmouic is produced by the 
actual change in magnitude of the main flux when the currents in the 
two phases are equal, as opposed to the moment when one is a 
maximum and the other zero. On the other hand, on load we have 
superposed in the rotor two E.M.F.'s due, one to a third harmonic of 


I Vero 


Fic. F.—Coil 2, Full Load. 


the main field rotating in the opposite direction to that field and with one- 
third of its velocity, and the other due to the fifth harmonic of the main 
field which rotates in the same direction but with a fifth of its velocity. 
The actual rotor current does not show these pulsations to the extent 
that might be expected owing, as Mr. Smith remarks, to the coil dis- 
tribution and the partial cancelling out of the different pulsations. 
One is led to inquire what the effect of these irregularities of the field 
is on the working of the machine as regards torque. In the case of 
polyphase motors when running the effect of the field harmonics will 
be slight. Their effect, however, will be more marked on starting, 
especially in the case of squirrel-cage machines. When, for instance, 
the machine has nearly, in the case of the 2-phase motor considered, 
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attained one-ninth of its synchronous speed, it is being driven partly by 
that field which revolves at one-ninth of the speed of the fundamental. 
Аз it passes through the speed corresponding to the synchronous speed 
of this field, the driving action becomes a braking action, and the 
motor may even start to “crawl”—that is, not to increase in speed. 
This action has been already noticed by Kloss and others, and Arnold 
goes into the matter in his Vol. V. i. “Die Wechselstromtechnik.”’ 
With a view to determining how the starting torque of the motor 
varied with the position of the rotor on switching-on the following 
arrangement was made. А varnished mahogany disc was fitted on to 
the rotor shaft, the disc being about 15 in. in diameter ; 48 steel 
contact-pieces of clock spring were driven into saw cuts made in the 
disc at equal distances round the circumference, adjustment to within 
I per cent. being made by filing. Another steel spring was placed 
just above the disc so that contact could be made by each of the 48 
contact.pieces through an external circuit battery and one set of 
oscillograph strips and back through the motor shaft to the contacts. 
By this arrangement on switching on the motor a battery was short- 
circuited through a resistance across the oscillograph strip, which strip 
at the same time was connected to the stator leads to give the 
potential-difference wave of the motor. As the motor started up a 
series of sharp deflections from the potential-difference wave showed 
when the rotor moved each successive 48th of a revolution. This 
device proved very successful, and by means of the records obtained, 
time-space, time-speed, and finally torque curves could be obtained, 
the moment of inertia of the rotor being known. The oscillograph 
drum was utilised, by means of a specially arranged tripping switch, to 
start the motor up just before the record was taken and a contact- 
making device was fitted to the supply generator and inserted in the 
above circuit, so that the supply potential difference could be switched on 
at any point on the potential-difference wave. Therecords were taken 
for the case in which the resistance inserted in the rotor was sufficient 
to cause it to start up with about twice full-load torque. The motor 
started up almost immediately after switching on, and for different 
positions relatively to the stator there were differences up to 30 per cent. 
in the value of the torque on starting. The torque also varied 
according to the point of the E.M.F. wave at which the motor was 
switched on. The rush of current on switching-on was clearly shown 
by a displacement to one side of the zero line of the current wave, 
and a record of the rotor current in one rotor phase showed also 
clearly the change in wave shape of the current according to the 
position of the rotor relatively to the stator. This change is probably 
due to the effect of the change in the total field of the motor alluded 
to earlier. 

Mr. C. F. SMITH (in reply) : Mr. Cramp takes exception to the state- 
ment that it was to be expected that the voltage measured at the 
terminals of several stator search-coils connected in series should 
agree with the arithmetic sum of the voltages of the coils as measured 


Mr. Lawson. 


Mr. Smith. 


Mr. Smith. 
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individually, except when fairly low tooth densities are employed. 
Although I must admit that, with saturated teeth, the phase of the 
fluxes in different teeth acted upon by a given magnetising current 
will not be identical, I still maintain that the statement in the paper is 
accurate, inasmuch as any phase displacement which could occur with 
any reasonable degree of saturation, would be entirely inadequate to 
produce a measurable effect on the virtual voltage of the grouped coils. 
I cannot agree with Mr. Cramp when he says that the maximum 
pulsation produced in an otherwise stationary field by the rotation of 
the rotor teeth will not necessarily take place where the flux itself is 
a maximum. Pulsations due to other causes, such as the variation 
of the field itself, may have a greater amplitude at other points, but 
these are shown to be of relatively small amplitude. The next point 
to which Mr. Cramp alludes is the variation in total flux per pole, due 
to the varying reluctance of the air-gap as the teeth of the rotor come 
opposite to those of the stator. This variation, as he points out, depends 
on the value of the G.C.F. of the two numbers of teeth per pole. He 
does not, however, notice that the pulsations arising in this way will 
have a periodicity differing from that of the tooth pulsations shown on 
the oscillograms in the paper, so that they would be clearly distin- 
guished from them. In my motor, there were 15 slots per pole of the 
stator and 12 slots per pole of the rotor. In one particular position of 
the rotor there will thus be three rotor teeth exactly opposite to the 
same number of stator teeth, when we may assume that there will be a 
maximum value of the total flux. At the same instant there are three 
rotor tecth which are only one-fifth of the breadth of a rotor tooth 
from direct opposition to three other stator teeth. It follows that the 
frequency of the flux pulsations to which Mr. Cramp alludes will be 
five times that due to the flux pulsations shown on the curves in the 
paper and in Mr. Lawson's results. Probably this high periodicity 
would not have been well recorded by the oscillograph employed ; but 
I think the fact that there is no indication of such variations, shows that 
they are very small in amplitude. In this connection I may mention 
that the voltages induced in the coils on the second motor experi- 
mented upon did not show any decided proportionate decrease in 
magnitude, as suggested by Mr. Cramp, but were such as fully bore 
out the calculated values worked on the lines indicated in the Appendix 
to the paper. In regard to the effect of unevenness of the air-gap, I 
think that the later curves in the paper give a good idea of its effect 
in modifying the total flux of the poles. The more important effects 
of such unevenness on the losses in the motor form a subject on which 
further experiments are now in progress, and on which I hope shortly 
to have further communications to make. 

In reply to Professor Marchant, I have ventured in my observations 
on Mr. Lawson's communication to express the opinion that his curves 
are hardly sufficient evidence of a very large increase in the pulsation 
losses caused by a load on an induction motor. The “ magnetic drag” 
on the rotor, duc to its eccentricity, will be mainly in a direction 
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perpendicular to the axis of the shaft. I think Professor Marchant 
has misunderstood what is perhaps rather an unfortunate term, as 
representing a tangential drag, instead of a radial one. 

I think that the two sets of pulsations referred to by Mr. Worrall 
are the same as those that I havereferred to in myreply to Mr. Cramp, 
although I do not quite follow Mr. Worrall's statement that the 
pulsations due to the rotor teeth are of much less import under the 
usual conditions of working. 

Dr. Rosenberg's contention that the unsymmetrical rotor currents 
due to an eccentricity of the rotor can never reach a considerable 
value is an important one, in connection with the losses to be expected 
from this cause. Ithink that this is a point on which further experi- 
ment would be of value, and I hope to be able to furnish some experi- 
mental data before long. 

Mr. Frith's suggestion for connecting the stator windings in parallel 
instead of in series would, of course, produce a more even distribution 
of the flux round the air-gap, although I believe that practical diff- 
culties in winding do not make this plan a desirable one for general 
adoption. 

I think that Mr. Aldous rather begs the question in saying that any 
increase in losses due to the rotor eccentricity must be unimportant. 

I wish to thank Mr. Lawson for his contribution to the discussion ; 
his curves are of great interest. As he observes, the oscillograms 
given in the paper were all taken at synchronous speed, and thereforc 
without load on the motor. The tests were not, however, confined to 
these conditions, and my own observations as to the effect of load on 
the amplitude of the tooth pulsations are not in agreement with the 
conclusions which Mr. Lawson derives from his curves. Although my 
results show the existence of pulsations in the stator teeth having 
about the same relative magnitude as those found by Mr. Lawson, 
I have always found a decrease in these oscillations under load and a 
maximum value at synchronism. Thus, the virtual voltages of coil у 
wound round a single tooth of the stator were observed to have the 
following values :— 


Й With rotor stationary. . 2s e. 2784 
With rotor running under load m e. 3790 
With rotor running synchronously ... ves" 524 


I think that these results are in accordance with ordinary expe- 
rience of inductive circuits in which an increase of current has the 
effect of damping out high-frequency magnetic oscillations. I would 
suggest that possibly the increased amplitude of the oscillations under 
load observed by Mr. Lawson were due to the position of his search- 
coil on the tooth, and that the voltages obtained were not such as to 
represent the actual pulsations of the flux in the tooth itself, but rather 
the vibrations of an unstable leakage field, possibly not affecting the 
actual tooth induction to any great extent. This suggestion seems to 
be partly borne out by Mr. Lawson's own description of the curves, 
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and also by the fact that his coil appears to be situated considerably 
nearer to the tip of the tooth than mine. Without further confirmation, 
I venture, therefore, to doubt his conclusion that the losses due to the 
flux pulsations increase considerably with the load on the motor. 
Mr. Lawson’s further experiments are also interesting ; the variation 
in starting torque is certainly connected with the irregularities of the 
field, but is affected more by the G.C.F. of the number of stator and 
rotor teeth than by the actual number of the latter. A motor which 
showed positions where starting was difficult would not necessarily 
show unduly high pulsations in the flux per tooth. 
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INHERENT SPEED REGULATION OF THE 
DIRECT-CURRENT SHUNT MOTOR. 


By E. W. SHORT, Associate Member. 
(Paper received April 28, 1910.) 


It is customary to consider the direct-current shunt motor as a 
machine which runs at constant speed when supplied at constant 
terminal voltage, and of which the steady speed may be varied only by 
the use of a regulating resistance in the shunt field circuit. That this 
assumption is not strictly correct, and sometimes not even approxi- 
mately true, was brought to the author's notice some time ago in the 
course of testing a number of direct-current shunt motors driving 
textile machinery. The speed of the motors tested was nominally 
constant within 1 or 2 per cent., but on account of the intermittent 
nature of the load on the motors, though they were not overloaded, 
the actual speeds showed very considerable variation from constant 
value. 


GENERAL EFFECT OF A VARYING LOAD. 


To summarise briefly the conclusions arrived at asa result of the 
tests referred to, it appears that although a direct-current shunt motor 
may be so designed, and its voltage drop and brush position may be 
so adjusted, that it runs at the same speed on no load and on steady 
full load, at any given temperature, yet the speed of the same machine 
will vary very considerably when working on a rapidly varying load 
such as is often met with in industrial conditions. In short, that 
tendency of a shunt motor to maintain perfectly even speed under all 
conditions, which might be called its inherent speed regulation, is 
sometimes not so good as might be supposed. Even if the motor is 
differentially compounded for perfect speed regulation for all steady 
loads within the usual limits of output of the machine, or if interpoles 
are added to allow greater latitude in the brush position or in the 
working range of the flux, the particular correction which is adopted 
disappears when the motor is worked on a rapidly varying or 
intermittent load, and the speed variation may be of considerable 
importance. 

The speed curves reproduced in Fif. 1 were obtained as the result 
of tests taken at various times on three different shafts in textile 
factories driven by direct-current motors. These records were 
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obtained directly by means of a Moul recording tachograph, a pulley 
оп the instrument being driven by a light belt of linen tape from a 
convenient pulley on the shaft under test. The full range covered by 
any one record is a speed variation of 12 per cent. above or below a 
mean average speed ; the distance between the thin lines represents 
a speed change of 1 per cent., and between the thick lines a change of 
5 per cent. The speed of travel of the paper can be varied at will 
from 1 millimetre per second to 20 millimetres per second, as 
required. 

Curve A records the speed of the main shaft in a weaving shed, 
this shaft being belt-driven from а 10-H.P. motor. The load torque 


on the shaft of a weaving shed is extremely variable, because the 
action of a single loom is oscillatory, and the power required to drive 
it is intermittent, and because a number of looms often fall into step 
with each other, and all require the maximum driving torque at the 
same moment. А load approaching full load may thus be thrown on 
and off the driving motor from 60 to 200 times per minute. The 
effect on the speed is apparent in record A, the length of which corre- 
sponds to a period of 15 seconds. At a point near the end of thc 
record, near the right-hand side of the Fig., the looms are out of 
step, so that the load on the motor is fairly steady, and the total speed 
variation is only about 3 per cgnt., while a few seconds earlier the 
load varies in a periodic manner and the speed varies widelv, the 
maximum variation reaching about 18 per cent. It was impossible to 
test the speed of the motor shaft itself, but this large and regular 
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variation of the speed of.the driven shaft cannot be attributed cither 
to belt slippage or to belt swinging, but is entirely due to the bad 
speed regulation of the motor. It should be added that the motor 
was a plain shunt-wound machine and not specially designed for 
constant speed. 

Curve B is somewhat similar to curve А, and was obtained from 
another weaving-shed shaft driven by a 20-H.P. shunt motor. This 
curve is on an extended scale, the length of the record representing a 
period of about 7} seconds. The total speed variation is not so large 
as in the case of curve A, but the character of the speed changes is 
more clearly seen. 

Curve C records the speed variation of a countershaft in one of the 
spinning-rooms of a textile mill. This countershaft was driven by an 
8-H.P. 115-volt direct-current shunt motor, and one spinning mule was 
driven from the countershaft. The whole record corresponds to an 
elapsed time of 1} minutes. In this case the motor was subjected to 
sudden periodic fluctuations in load, and the vertical lines dropping to 
the bottom of the record represent belt slippage, due to the inability 
of the motor torque to respond immediately to the load changes. On 
a sudden load coming on, the motor dropped in speed, causing the 
belts to slip immediately the motor again attempted to pick up speed 
on the dcad load. 

In each of the drives to which these curvesrelate, the results obtained 
by the employment of the electrical drive were unsatisfactory from 
the textile point of view. The discrepancies between the actual results 
obtained from the drive and those which it was reasonable to expect 
could be obtained, were both important in amount and serious in their 
consequences ; neither the amount nor the quality of the work pro- 
duced on the textile machines was as good as would have been obtained 
by driving at constant speed. Since textile machines are arranged 
throughout a mill to follow each other in regular sequence, any 
decrease in the production of one set of machines affects adversely the 
output of the whole mill. Moreover, the same textile machine will spin 
or weave an even and uniform yarn or cloth, as the case may be, when 
driven at a steady speed, but will produce only an uneven and inferior 
product when the speed of the drive is variable, and this fact is of 


immense importance to the manufacturer when putting his goods on 
the market. 


Having indicated the disadvantageous results which sometimes 
occur in the textile industry, and which may be equally disadvan- 
tageous under similar circumstances in any other industrial application 
of the direct-current shunt motor, it is proposed to show that the 
observed behaviour of such a machine on a rapidly varying load is 
quite in consonance with theory. This will be illustrated by a specific 
case, for which the theoretical speed curves will be drawn. Some, at 
least, of the features of such behaviour do not appear to be widely 
known, or at any rate have not received any serious attention amongst 
power engineers and technical writers in this country. 
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EFFECTS OF CHANGE OF LOAD AND TEMPERATURE. 


Before proceeding to consider the effect of variable loading on the 
speed of a shunt-wound motor, the ordinary speed characteristics of 
such a machine when working on steady loads may be briefly 
recapitulated. 

The decrease in the speed of a shunt motor running light, when 
full load is put on, is quite obvious. If the motor is supplied at 
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constant terminal voltage and the flux is constant, the speed is 
directly proportional to the back E.M.F., and the latter decreases at 
full load, due to the voltage drop in the resistance of the armature 
winding and the brushes. Thus, if the total voltage drop is 5 per 
cent. of the terminal voltage of the machine, then the steady speed 
at full load will be 5 per cent. lower than the no-load speed, the 
temperature of the shunt windings remaining unaltered, and the 
brushes being in the neutral position. 

The ordinary increase in the steady full-load speed of a shunt- 
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wound motor due to the rise in temperature of the shunt field 
coils is also well known. During a run of a few hours on load 
the shunt field winding gets warm, and as its resistance increases, the 
voltage at the terminals of the shunt windings being constant, the 
excitation decreases and the speed of the motor rises. The effect 
is shown very clearly by the test curves in Fig. 2. The Fig. 
includes the results of tests on five direct-current shunt motors, of 
which the rated outputs vary from 2 Н.Р. to 30 Н.Р. The readings 
of speeds from which the curves are constructed were obtained, 
not by the author, but during the ordinary manufacturing works 
tests for the temperature rise of each machine after a 6 hours 
run, taken in the usual way. The alteration of steady full-load speed, 
from that corresponding to the cold condition of the windings 
at the commencement of the test, to that for full temperature rise 
after a 6 hours’ run, shows an increase of 1072 per cent. in the case 
of the 2-H.P. motor running at 1,140 revs. per minute, and an increase 
of 7'1 per cent, for the 30-H.P. motor running at 705 revs. per 
minute. The minimum speed variation from cold to hot condition is 
2:5 per cent. in the case of the 5-H.P. motor running at 1,420 revs. per 
minute. The isolated points indicate the steady no-load speeds 
observed when the load was taken off for the purpose of making 
observations at various times during the tests. 

This tendency for the steady full-load speed of direct-current shunt 
motors to rise when the shunt field coils warm up may be minimised 
by designing the shunt field coils of the motor liberally, so that the 
magnetic circuit of the machine is worked at a point well above the 
knee of the saturation curve, and the change in flux for a given 
change in the exciting current is a minimum. At the same time, the 
temperature rise of the field coils should be kept as low as possible. 

The speed variation due to change of temperature may be corrected 
by the use of a regulating resistance in the field circuit of each motor. 
If the regulating resistance is cut out as the shunt winding grows warm, 
the exciting current may be maintained constant and therefore the 
speed kept constant also. In practice this would involve continual 
supervision of all the constant-speed motors in any given plant, 
especially if the load on certain machines were to vary from hour to 
hour, causing the temperature of the windings to vary also to some 
extent. It would also be necessary to provide a tachometer or similar 
device to indicate the speed of each motor or driven shaft. As а last 
resort, in the case of especially important drives requiring large motors 
some kind of automatic governor and regulator might be employed, to 
cut resistance out of the shunt field circuit, when the speed begins to 
rise and to re-insert it when the speed falls below the normal speed at 
which the motor is required to run. 


INFLUENCE OF BRUSH POSITION. 


The steady full-load speed of a direct-current shunt motor depends 
also upon the position of the brushes on the commutator. In general, 
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rocking the brushes backwards, contrary to the direction of rotation of 
the armature, causes the speed to increase, and rocking them forward 
causes the speed to decrease. 

The action will be clear on reference to Fig. 3. Thearmature cross 
ampere-turns are set up by the armature conductors which lie under the 
pole-faces N, S, but there is no demagnetising action at all while the 
brushes are in the neutral position. When the brushes are rocked 
backwards, however, to a and d, the effect of the back ampere-turns 
due to the belt of conductors included between a b and c d is entirely 
demagnetising, and the total flux of the machine is reduced when the 
armature conductors carry current. Were the brushes rocked forward 
from the midway neutral position, the current in the same belt of con- 
ductors would be reversed and the ampere-turns due to these con- 
ductors would then be magnetising ampere-turns, causing a drop in 
speed at full load. 


FiG. 3. 


The action of the armature cross ampere-turns on load is to shift the 
position of the neutral zone of the field backwards and consequently the 
best non-sparking position for the brushes is usually more or less back- 
wards from the neutral position, while shifting the brushes forwards 
causes sparking, because the armature coils would be cutting a strong 
field under the forward pole horn while they were under commutation. 

The important point to note is that rocking back the brushes from 
the neutral position causes the full-load speed to rise, thus making avail- 
able for non-reversing motors a means whereby the decrease in speed 
on load due to voltage drop may be offset, and the steady speed main- 
tained approximately the same at no load, full load, and intermediate 
loads. А large backward lead will cause the speed to rise from no load 
to full load. Plain shunt-wound motors, therefore, have the best steady 
speed regulation when the brushes are rocked just so far backwards 
from the neutral position that the rise in speed due to the armature 
back ampere-turns balances the drop in speed due to the effects of the 
armature voltage drop. With a view to obtaining the closest speed 
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regulation when using shunt motors, even on steady loads, it is of 
great importance to adjust the position of the brushes carefully, not 
only with reference to the non-sparking position but also with reference 
to the speed. Otherwise, undue speed variation will take place, 
even on slowly varying loads. If interpoles are used, sparkless com- 
mutation may be definitely secured when the brushes are adjusted 
solely with reference to obtaining the best speed regulation. 


DIFFERENTIAL COMPOUNDING. 


If sufficient backward lead cannot be given to the brushes to obtain 
the same steady speed from no load to full load, or if it is necessary to 
keep the brushes in the neutral position for reversing or for other 
special reasons, a differentially compounded field may be employed. 
In this case the shunt field coils must be designed to provide the full 
ampere-turns necessary to set up the maximum flux, which is at no 
load. Instead of rocking the brushes and utilising the demagnetising 
effect of the armature back ampere-turns to reduce the flux at full 
load, the brushes can be kept in the neutral position and the series 
coils designed to provide sufficient demagnetising ampere-turns, when 
full-load current flows, to reduce the flux, the amount of reduction 
being proportional to the difference between the back E.M.F.'s at 
no load and full load. The series winding must usually be cut out of 
circuit, of course, when starting the motor. 


EFFECT OF MUTUAL INDUCTANCE. 


Although any given motor may be arranged, however, by rocking 
the brushes or by differential compounding, to regulate perfectly 
on slowly varying loads, quite other effects show themselves, as 
already stated, when the load is quickly intermittent or rapidly 
varying. This is due to the mutual induction between the shunt 
and series field windings, or between the armature and shunt field 
windings. Since there must be a change in flux between no load and 
full load, if the motor is to run at the same steady speed, and since 
any change in the flux in the armature and poles can only take place 
slowly, on account of the self-induction of the shunt field winding, it 
follows that a certain delay occurs in the final adjustment of the 
motor speed when the load it is called on to develop suddenly changes. 
The demagnetising action of the armature back ampere-turns or of 
the series field coils cannot immediately take effect, and in the interval 
the speed of the machine varies as though there were no special 
correction provided. 

When series and shunt windings are wound on the same pole, the 
direct effect of the mutual inductance existing between the two sets of 
coils is that any change in the current in the series coil either tends to 
produce a momentary current in the shunt coil, if no current flows in 
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the latter to begin with, or affects momentarily any current which may 
already be flowing in the shunt circuit. Following the usual effect of 
mutual inductance, the direction of the induced current round the 
pole is opposite to the direction of the inducing current if the latter 
is Increasing, or in the original direction of the inducing current if the 
latter is decreasing. If the induced current in the shunt coils is super- 
imposed on an existing current, the effect of the induced change in the 
value of the current is opposite to the effect of any change in the value 
of the current in the series coils. If the coils are wound in the same 
sense, and the series turns are magnetising, as indicated in Fig. 4, 
then, as the series current increases, any existing shunt current will be 
temporarily reduced. If the series coils are demagnetising in action, 
as in the case of the differentially compound motor, the shunt current 
is momentarily increased when full-load current begins to flow in the 
series turns. 

From the foregoing statements, it follows that the magnetising or 


$hunt 


Series 


FIG. 4. 


demagnetising effect of a compound winding is not effective im- 
mediately the series current flows, since any change in the series 
amperc-turns is accompanied by a momentary change in the shunt 
ampcre-turns, in the opposite direction, so that for the moment the 
total of the effective ampere-turns acting on the pole is unaltered, and 
the flux is also unchanged. The change in the flux takes place com- 
paratively slowly, simultaneously with the return of the shunt exciting 
current to its normal steady value. The rate at which this change 
takes place depends upon the self-induction of the shunt coils alone, 
and the return of the shunt current and the flux to steady values takes 
an appreciable time. 

In the case of the differentially compound motor, when full load 
comes on, the flux in the poles is not immediately reduced to suit full. 
load conditions, and if the duration of the transient conditions is 
sufficiently long, the speed of the motor will have time to drop con- 
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siderably before the flux has attained its steady value. The contrary 
effect takes place when full-load current goes off the motor; the 
shunt current is momentarily reduced, thus preventing the flux from 
increasing immediately and allowing the speed of the machine to rise 
above normal steady value. If variations in load are rapid and succeed 
each other quickly, the speed may vary constantly up and down as the 
load decreases and increases. 

If the motor is not differentially compounded, but the regulation 
depends on the demagnetising action of the armature back ampere- 
turns, the effects will be practically the same. Any variation of the 
armature current will cause a momentary and contrary change in the 


shunt exciting current, and the speed of the machine will usually have 
time to vary up or down before the exciting current and flux have time 
to settle down to steady conditions. 


GENERAL DIMENSIONS OF 35-H.P. SHUNT MOTOR. 


In order to illustrate the foregoing remarks and to develop a specific 
case of the characteristic behaviour of a direct-current motor on steady 
and on quickly varying loads, the author has calculated windings and 
has worked out their properties for a 4-pole motor rated at 35-H.P. 
66 amperes 440 volts 750 revs. per minute. The outline dimensions 
are shown in Fig. 5, and other electrical and magnetic data are as 
follows :— 
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Armature. 

Number of slots  ... s$ iss vx 37. 
Wires per slot sss sae -— e. 5 X 4. 
Type of winding ... дд .. Simplex wave. 
Number of paths between brises ee 2: 
Total number of face conductors .. e. 740. 
Number of commutator segments - .. 185. 
Resistance of winding (hot) ds .. O'I95 ohm. 
Volts drop in armature ae and 

brushes ... es E 7 
Armature flux at no load and 750. r. i m... 2°38 X 105. 


Armature flux at full load and 750 r.p.m... 2'3 X 1%. 
Armature ampere.turns per pair of pales 6,000. 
Pole-arc/pole-pitch ... su bes .. 075. 


Shunt Field Winding. 


Turns per coil ji Е з .. 4,850. 
Diameter of wire, bare m "n .. O8 mm. 
Cross-sectional area of wire S .. 0'592 Sq. mm. 
Resistance of shunt winding чо) .. 464 ohms. 
Exciting current _... s 0'95 ampere. 


Ampere-turns provided per pair E poles 9,200. 


SPEED REGULATION OF 35-H.P. MOTOR ОХ STEADY LOADS. 


The curves in Figs. 6, 7, and 8 respectively show the saturation 
curve, the variation of no-load and steady full-load speeds with change 
of temperature of the shunt field winding, and the variation of steady 
full-load speed with change in brush position. 

The calculation of the resistance of the shunt coils corresponding 
to various temperatures from o? C. to 60? C. is based on the temperature 
coefficient for copper of the Engineering Standards Committee : viz., 
a change in resistance of 0'428 per cent. per 1°C. The increase in the 
resistance of the motor shunt field coils, due to a temperature rise of 
40° C., from 15°C. cold to 55°C. hot, is 16'1 per cent. The no-load 
speed for the same temperature range increases from 732 to 761 revs. 
per minute, ог 4’o per cent. of the initial speed, and the steady full-load 
speed increases from 707 to 734 revs. per minute, or 3°8 per cent. of the 
initial speed, when the brushes are in the neutral position. 

The speed-temperature curves in Fig. 7 may be reduced to the 
same form as the test curves in Fig. 2 if the rate of rise of temperature 
of the field coils is known. If the radiating surface of the coils and the 
watts lost in them are proportioned so as to give a certain final 
temperature rise, ascertained from tests on similar machines, the 
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variation of the temperature of the coils with time may be determined 
approximately from the equation— 


Wt 
T= B(: — ¢ BC) ; 
where— 

T = temperature rise at any time /, С°. 

B = final steady temperature rise, C°. 

W = B.Th.U. dissipated in coils per hour = 3412 x B.O.T. units 

per hour. 
{ == time from start in hours. 


С = calorific value = B.Th.U. required to raise temperature of 
coils 1°C. 


The above formula gives a sufficiently near estimate of the probable 
time of heating up of the field coils. With regard to the term C., it 
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would usually be safe to evaluate it as the number of B.Th.U. required 
to heat both the field copper and the pole limbs through 1? C. If the 
heat conduction from the coils to the poles is especially poor, due to 
the method of insulating the coils, it would be safer to estimate on the 
calorific value of the copper alone. 

In constructing the curves in Fig. 8 connecting speed and brush 
position for this motor, it is assumed that only the armature back 
ampere-turns, and not the cross ampere-turns, are effective in 
reducing the flux at full load. The back ampere-turns are simply 
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proportional to the load and to the amount of shifting of the brushes, 
thus :— 

Demagnetising ampere-turns per pair of poles 


x Number of segments e х | Armature 
4 ward lead of brushes ampere-turns 


— Number of commutator segments per pair of poles 


In this instance the number of commutator segments per pair of 
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poles is "s = 92:5, and the demagnetising ampere-turns per pair of 
poles and per 1 segment of backward lead of the brushes are therefore 
4 X 1 X 6000 


A == 260 ampere-turns. The total demagnetising ampere- 
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turns are found for various brush positions in this way, and by deduct- 
ing the number of ampere-turns obtained in each case from the total 
ampere-turns per pair of poles provided by the shunt winding the 
effective ampere-turns per pair of poles is arrived at. The respective 
values of the flux are read off from the saturation curve, and the 
corresponding speeds calculated. 
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The curves show that if the brushes are in the neutral position the 
speed drops from 750 revs. per minute at no load to 725 revs. per 
minute at steady full load, or a decrease of 3:3 per cent. on the rated 
speed. The brush position corresponding to a steady full-load speed 
of 750 revs. per minute is 4 segments backwards from the geometric 
neutral position. If the brushes were given a backward lead of 
5:8 segments from the neutral position, corrresponding to a point 
opposite the trailing pole-tip, the steady full-load speed would be 
764 revs. per minute, or a rise of nearly 2 per cent. above normal rated 
speed. Since the neutral region is usually much narrower, even at 
no load, than the distance between the pole-tips, the no-load speed will 
vary slightly with changes in the brush position, and will be higher 
with the brushes moved back than when they are in the neutral posi- 
tion. In practice the exact no-load speeds obtained when the brushes 
are rocked back from the neutral position, and also the maximum 
possible amount of backward movement that can be given to the 
brushes at full load, will depend to some extent on the exact shape of 
the pole-horns and on the distribution of the magnetic field between 
them. In the case of a motor without interpoles, sparking would 
usually occur at no load with much less backward lead than is possible 
at full load, owing to the armature coils being subjected to short 
circuit through a brush while they are moving in a field of definite 
polarity, and are generating an E.M.F. 


TRANSIENT CONDITIONS FOR 35-H.P. MOTOR. 


The behaviour of the 35-H.P. motor on a rapidly varying load may 
now be considered ; in calculating the mutual inductance of the motor 
windings the author has followed the method applied by C. P. 
Steinmetz * to the conditions existing іп a compound generator. 

If the motor is plain shunt wound, and the brushes are kept in the 
neutral position, the effect of varying load is that the speed simply 
varies with the back E.M.F. the motor is called on to develop. Since 
the flux remains constant, if the voltage drop in the motor windings is 
5 per cent., the back E.M.F. will be 5 per cent. lower at full load than 
at no load, and the speed will drop 5 per cent. when full load comes on, 
if the terminal voltage at the motor is constant. If the terminal voltage 
drops a further 5 per cent., quite a usual figure to allow in these cases, 
the speed of the motor will be 10 per cent. lower on full load than on 
no load. 

Instead of showing the effect of variable load on the speed of the 
motor under consideration under the worst conditions, it will be of 
considerably greater interest to consider the best results that can 
possibly be obtained. In the first place, full correction must be made 
to obtain as good speed regulation as possible on steady load, either by 
giving the brushes a backward lead of four segments from the neutral 
position, as already stated, or by differentially compounding the motor 

* ^Theory and Calculation of Transient Electric Phenomena and Oscillations," 
р. 141. 
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field. Since the brushes can be left in the neutral position if dif- 
ferential compounding is adopted, and the method can be employed 
equally well for either reversing or non-reversing motors, a suitable 
differential compound winding will be assumed for the 35-H.P. motor 
and the succeeding calculations will be based on this arrangement. 
Interpoles can be added to such motors if desired, and the general 
effect of adopting them will be referred to at a later point. 

For a steady speed of 750 revs. per minute, both at no load and full 
load, the no-load flux is 2:38 х 10° lines of force and the full-load flux 
is 2:3 X 10° lines. The corresponding ampere-turns per pair of 
poles are read from the saturation curve, and the demagnetising 
ampere-turns which must be provided by the series winding are 
9,200 —8,140 = 1,060 ampere-turns; these can be produced by 
winding on 84 series turns per pole. Since the brushes are in the 
neutral position, no allowance need be made for balancing armature 
back ampere-turns. The principal data regarding the differentially 
compound field windings which are assumed for the present purpose, 
and the interpole winding which would be used for this motor, are as 
follows :— 


Field Coils of 35-H.P. Differentially Compound Motor. 


Series. | Shunt. Interpoles. 

Number of coils ёз 4 4 4 | 

| Ampere-turns to be pro- 

| vided per pair of poles 1,900 DERF "iSo 

| Number of turns per coil 84 5,230 63 

| Total number of turns.. 34 20,920 252 

! Size of conductor, bare | 10 x 4mm. | 21 S.W.G. | 20 X r5 mm. 

| Cross-section of conduc- К 

| tor, square millimetres | | 49 0"519 3° 
Length of mean turn, |! А А ; 

meres. T 0:617 0627 0°47 
Weight of copper, kilo- : 

| grammes 3 75 e 32 
Resist f winding, i З 

| Resistance of winding |. союб | sos | оом 
Exciting current, amperes 65 0:87 65 
Loss in winding, watts 45 380 335 


The final, or steady, effect of the demagnetising action of the series 
winding, when 65 amperes flows through 83 turns per coil, is to change 
the flux per pole from 2:38 x 10* to 2:3 x 10° lines of force. The 
length of time required to effect this change, after full load comes on, 
is governed, firstly, by the time of growth of the series current, during 
which time the shunt current changes also ; and secondly, by the time 
of return of the shunt current to its normal value. The rate of change 
of the series current depends on the self-induction of the main circuit, 
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and the time of return of the shunt current to normal value depends 
on the self-induction of the shunt field winding alone. 

If it is supposed, for the sake of illustration, that the motor is one 
of a number of motors driven from an evenly compounded generator 
of, say, 150-k.w. output, the motor armature circuit would include the 
armature and series field coils of the generator, and the armature and 
series field coils of the motor itself, and the self-induction of the main 
circuit through any one motor would be about о'ооб henry. Estimating 
the resistance of this main circuit at 0'29 ohm, the normal rate of 
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Time: Second 


FIG. 9. 


growth of the motor armature current when the motor is running and 
full load is suddenly put on, would be represented by the curve in 
Fig. 9. This follows the ordinary law for the growth of current in an 


inductive circuit — 
Ri 


C =: ( I—e TE). 
The series current reaches 59 amperes in 0°05 second, and 99 per 
cent. of its final value, or 64:4 amperes, in approximately o'1 second. 
То estimate roughly the momentary change in the shunt current, 
due to the growth of 65 amperes in the series winding, magnetic 
leakage between the series and shunt coils may be neglected, and it 
may be assumed that the values of the inducing and induced currents 
are inversely proportional to the number of turns in the respective 
coils, as in the case of the alternating-current transformer. The 
maximum increase of the shunt current would therefore be— 


65 x 84 
5230 
the actual increase is rather less, or 0075 ampere, since the initial 


= 0'106 ampere ; 


186 SHORT: INHERENT SPEED REGULATION OF [Аргїї 28th, 


change takes a certain time and the shunt current meanwhile tends to 
return to its steady value. The shunt current increases from its normal 
value of 0:87 ampere to о'96 ampere, nearly, in the same time that the 
main current in the series coils grows from zero to 59 amperes—that is, 
in о'о5 second. 

The natural rate at which the shunt exciting current decreases 
again from its maximum to the normal value can be estimated as 
follows: The alteration in the flux per pole which would take place 
due to a change of o°106 ampere in the shunt current would be 
ооб x 10% lines of force, and the alteration in the interlinkage of the 
four shunt coils is 4 X 5,230 X 0°06 X тоб == 1,260 x 10°, The increase 
in interlinkage per т ampere change of current at the same rate 
would be— 

6 

uate X 9 = IIQ X 10%, 

and therefore the inductance of the shunt coils over this range is 

II9 henrys. The resistance of the shunt coils is 505 ohms. The 

natural rate of change of the shunt current, when the series current 
has attained constant value, then follows the law— 


R 


C=C,.—(C—C,)e Е, 


~ 


where— 
C = current at any time /, in amperes. 
C, = current at time / = o. 
C, = final steady value of current. 
t = time, in seconds. 
R — resistance of circuit, in ohms. 
L = self-induction of circuit, in henrvs. 

The complete cycle of variation of the shunt current is shown by 
the curve in Fig. 9. 

The practical result of the delay in the adjustment of the shunt 
exciting current to those steady conditions where the effects of voltage 
drop and differential compounding are balanced, is that the speed 
must drop to reduce the back E.M.F. and allow full-load current to 
flow, unless the armature has sufficient flywheel effect to keep the 
speed at nearly normal value. Since the flywheel effect is usually 
inadequate to maintain full-load torque for a sufficiently long interval, 
however, the speed drops, and full-load torque and current only 
maintained at the lower speed. 

The kinetic energy stored by the armature in question, when 
running at a speed of 750 revs. per minute, is about 7,500 ft.-Ibs. 
If full-load torque were continuously exerted to stop the motor after 
the power had been cut off it would come to a stop in 0°39 second, 
after having made only 24 revolutions. At the same rate, the decrease 
of speed from 750 to 725 revs. per minute, the speed at which balance 
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is obtained between flux and back E.M.F., would occupy only o'or3 
second. The flywheel effect possessed by the armature when rotating 
at full speed is thus far too small to be of any practical value in 
keeping up the speed at the moment load comes on. 

If the motor is running at steady speed and full load is suddenly 
taken off, the opposite cycle of events takes place. When the load 
torque goes off the motor torque is maintained, because full-load 
current flows. Since the flux does not increase sufficiently quickly 
to increase the back E.M.F. and keep the speed steady, full.load 
current will continue to flow until the speed commences to rise and 
the motor back E.M.F. is increased sufficiently by this means to check 
the current. The speed therefore rises quickly, and the sudden 
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decrease of the main current in the series coils now has the effect 
of causing the shunt current to alter also ; the shunt current decreases 
from 0:87 ampere to 0:795 ampere in 0'05 second, afterwards rising 
again slowly to its former steady value, completing the cycle of change 
to within 1 per cent. of its normal value in o'6 second. At the moment 
when the shunt current is at its minimum, the value of the series 
current is about 6 amperes, and rapidly decreasing to zero, the back 
E.M.F. that must be generated is 438 volts, and the flux is 2:315 X 10$, 
or not much above full-load value. The speed consequently rises 
immediately to 770 revs. per minute, and only returns to nearly its 
normal steady value of 750 revs. per minute in about 1 second, when 
the shunt current has completed its change, and the flux has increased 
to its steady value of 2:38 х ro lines of force. 
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EFFECT OF RAPIDLY VARYING LOAD. 


The curves in Fig. 11 are drawn to show the variation of all the 
quantities when full load is suddenly put on the 35-H.P. motor, and 
when it is suddenly removed four-fifths of a second later. Curve A 
shows the variation of the main armature and series field current, 
curve B shunt exciting current, C the total effective ampere-turns 
per pair of poles due to the combined effects of the series and shunt 
coils, and curve D the consequent variation of the armature flux per 
pole. Curve E is the speed curve of the differentially compound 
motor, representing the speed changes when full load is put on and 
taken off the motor, the latter being supplied at constant voltage. 

The effect of running this motor on a rapidly intermittent load 
is now evident. Every time the load increases from almost no load 
to full load, the speed drops about 24 per cent. below normal, and 
every time full load goes off the speed rises about 2j per cent. above 
normal. This assumes that the steady conditions are regained on 
each occasion before the next alteration in load takes place. If the load 
is regularly put on and taken off the speed varies up and down about 
5 per cent. continuously. 

If interpoles are used to ensure sparkless commutation with fixed 
brushes, the voltage drop in the motor is increased from 15 to 20 volts, 
so that the full-load flux is only 2°27 x 1o$ lines, and the main series 
winding must be increased from 84 to тоф turns per coil. The larger 
interlinkage between flux and shunt turns causes the sclf-induction of 
the shunt coils to be increased to 177 henrys. The combined effects 
on the speed of the increased voltage drop in the motor and the 
increased inductance of the shunt field winding is shown by curve F, 
Fig. 11, which represents the speed variation of the interpole machine 
when full load is first thrown on and then thrown off. 

Continuous oscillation of the speed between its extreme values will 
occur if the machinery driven by the motor offers a periodically varying 
load torque opposed to the driving effect of the motor. This occurs 
when driving looms in a textile mill, or a machine tool of which the 
motion is reciprocating or the cutting intermittent. On such a load, 
supposing that the duration of maximum current is equal to the dura- 
tion of no load or minimum load, then the temperature rise of the 
motor will not be excessive if the maximum current is from 50 per 
cent. to roo per cent. greater than the normal current of the motor 
on continuous rating. The curve in Fig. 12 shows the calculated effect 
on the speed of the 35-H.P. compound motor of varying the load by dif- 
ferent amounts, from a variation of one-quarter full-load current to one 
and a half times full-load current. The speed change depends upon 
the amount of the load change, and is not affected materially by the 
original value of the load, whether this is no load or full load or other 
value. The speed changes represented by the curve will take place 
if the motor current varies in response to the load torque by one- 
quarter, one-half, and three-quarters of full-load current, etc. The 
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respective load changes are assumed to be put-on and taken off at 
regular intervals of 1 second. 

All the foregoing examples of speed changes are based on the 
assumption that the terminal voltage at the motor remains constant. 
The curve in Fig. 13 shows' the effect if the voltage at the terminals of 
the differentially compound motor drops 5 per cent. when the motor 
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takes full-load current. The curve is drawn for load variations of one- 
quarter, one-half, etc., of full-load current up to a maximum current 
variation of one and a half times full-load current as before. The 
maximum speed variation when 50 per cent. overload is thrown on 
and off the motor is 9:6 per cent. Had the motor been fitted with 
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interpoles the speed variation would have been very considerably 
greater. The calculated curves in Figs. 12 and 13 may be compared 
with the practical records in Fig. r. 


CONCLUSION. 


The author's remarks regarding the use of direct-current motors are 
not to be understood as a condemnation of their use for textile driving 
as a whole or for driving machine tools and industrial machinery in 
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general. Nor should the conclusion be drawn that only polyphase 
induction motors, or even synchronous motors, can be used in order 
to obtain steady driving on any load whatever. As it happens, the 
importance of absolutely constant driving speed is more insisted on in 
the case of textiles than in almost any other branch of electrical power 
applications, and the majority of electrically driven textile factories 
happen to be driven by polyphase motors. The main reasons for the 
general adoption of polyphase driving are probably two in number : 
First, that the supply authorities in the textile districts mostly supply 
alternating current ; and secondly, on account of the difficulties attri- 
buted to the use of the direct-current shunt motor due to the care 
of the commutator and the variation of speed with temperature 
changes. This note on the behaviour of the direct-current motor will 
have served its purpose if it makes clear the real reason why such 
a machine should not be employed if it is desired to obtain absolutely 
constant speed when driving a rapidly varying load. 
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ELECTRIC WINDING. 


By С. STJERNBERG. 


(Paper received September 22, 1910.) 


Long before electrical winding was introduced various arrange- 
ments were devised to neutralise the influence of the rope weight so 
as to reduce the torque and consequently the size of the engine. The 
simplest of all such arrangements, the use of a balance rope gave no 
satisfactory results in connection with a steam engine. This was due 
to the uneven torque and the swinging of the rope produced thereby. 
When electrical winding is adopted this difficulty entirely disappears ; 
the turning moment of an electric motor is absolutely uniform at all 
speeds, and the impulses which in the case of the steam engine create 
the swinging of the rope do not exist. The balance rope, therefore, 
runs quite steadily without any jerks, and there is no necessity at all 
for any guide pulleys at the bottom of the pit. Such balance ropes 
are now working in a great number of pits at the highest shaft speeds 
which have hitherto been adopted. A balance rope is generally taken 
of the same weight per unit length as the winding rope, but it can of 
course, if special circumstances make it desirable, be taken either 
heavier or lighter. When of equal weight the balance rope in no way 
increases the strain on the winding rope, but it keeps the stress nearly 
constant at all positions of the cage, and the only variation that occurs 
is due to the coal weight and the effort required to accelerate the 
suspended masses. Without a balance rope the maximum stress is 
exactly the same as with a balance rope, but it varies for each winding 
operation between the value which corresponds to the weight of the 
cage alone and the value which corresponds to the weight of the cage, 
trams, and rope to which must also be added the acceleration effort. 
The stress on the rope in this case, therefore, varies between very 
considerable limits. 

A winding rope is, therefore, worked with at least the same 
factor of safety when a balance rope is provided, but this only 
applies to an electrical winder. In the case of a steam winder the 
swingings are liable to increase the stress. Taking this into considera- 
tion, it is correct to say, at least for depths up to 1,000 yards, that a 
balance rope can always be used for an electrical winder, and a general 
discussion on this subject may therefore be based upon the assumption 
that such a balance rope is used. We shall, therefore, in the following 
remarks assume that we are dealing with a winder with cylindrical 
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drum and balance rope, and that in stopping and starting we accelerate 
and retard at a constant rate, since this is the most favourable arrange- 
ment if it is a question of quick winding. The speed diagram then 
takes the form shown in Fig. 1. 

During the time /, the winder is gradually brought up to full speed 
V, which remains constant during the time f, and again during the time 
t, Slowly decreasing to zero. It is at once clear that the times ta, te, 
and /, can be chosen in any manner we like as long as their sum is 
equal to T—;.e, to the time allowed for the wind. ‘The corresponding 
speed diagram must then be such that the area enclosed by it 
is equal to the depth of shaft S. Innumerable diagrams can be 
drawn fulfilling these conditions, but they are, of course, not equally 
favourable. We find that the smaller we take the time f. the larger 
will be the maximum shaft speed V, and vice теа. Theoretically the 
smallest shaft speed would be obtained if /, is equal to T—i.e., if we can 


FIG. I. 


suddenly get the winder up to full speed and stop equally suddenly at 
the end of the wind. The speed diagram would then be represented 
by a rectangle erected оп T, the height of which would be S/T; this 
is a condition which can be approached in case of ordinary slow-speed 
lifts. The largest value of the maximum shaft speed V is naturally 
obtained if f, is equal to zero—i.e., if the slowing down commences 
immediately the maximum speed is reached. In this case the speed 
diagram is represented by a triangle of height 2 S/T. N S/T isthe average 
winding speed. If we now introduce the ratio between the maximum 
speed and the average speed r = V/(S/T) then it is clear that this value 
r must always be larger than r, but cannot be larger than 2. It is of 
decided advantage to introduce this quantity in the calculations of 
winding diagrams, as will be seen later on. Each value r gives a 
definite value for the full-speed period /,, and consequently for the time 
available for acceleration and retardation f, + l, = T — t. The time 
required for the acceleration /, may be taken equal to retardation t,, or 
the ratio between these two times may be varied in any desired 
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manner. This is occasionally useful, and we will therefore introduce 
the ratio m between these two times—i.e., m = /,/l,. If we give definite 
values to m and r, then the form of the speed diagram is fully deter- 
mined. 

The power diagram is derived from the speed diagram in the usual 
manner. If О, is the useful load and e, the shaft efficiency, then, since 
the friction is always opposed to the motion of the system, and there- 
fore can be directly added to the useful load, we can by substituting 


mE T-7(Q-A,.M) f 


Fic. 2. 


. for О, the value of Q = О,/е,, deal with the winding system exactly as 
if it were frictionless with a useful load Q. This friction includes not 
only the friction of the guide ropes and pit-head pulleys and air friction 
in the shaft, but also the bearing friction of the drum and motor shaft, 
the windage and the power required to overcome the bending friction 


— — — — 
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of the rope. Where guide ropes are used the shaft efficiency for 
direct-coupled winders is approximately equal to 0:83 ; at least this 
value can be obtained. Where rail guides are used, the friction is 
more uncertain, and depends very much on the condition of the rails. 
It is therefore advisable in such cases to take a somewhat lower value 
for the shaft efficiency. If the motor is geared, the efficiency of the 
gearing must be taken into account. 

In addition to the static load Q, we have to consider the inertia of | 
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the moving system. With a cylindrical drum all the moving parts are 
moving at proportional speeds, and we can therefore introduce an 
equivalent mass M which, moving at rope speed, would produce the 
same effect as all the moving parts of the gear. For cylindrical drums 
the ratio between the static load Q and the mass M varies somewhat, 
but between comparatively narrow limits. With a distance between 
the pit-head pulleys of 5 to 6 ft., M/Q lies between r'1 and 1°3 (in the 
metric system). The larger value corresponds to pits of about 500 to 
боо yards depth with a useful load of about 3 tons ; for shallower pits 
or larger loads a smaller value can be taken. If instead of cylindrical 
drums Koepe discs are used, this value may be as low as o'8. If A, is 
the constant acceleration, A, the constant retardation, then the equiva- 
lent pull on the rope during the starting period is equal to Q + A, М; 
during the period of constant speed it is equal to Q ; and during the 
retardation period it equals Q — A, M, as shown in Fig. 1. 

Multiplying these values with the radius p of the drum, we get 
a corresponding torque T, during the acceleration period, T, during 
the full-speed period, and T, during the retardation period, as shown 
in Fig. 2. 

The corresponding power outputs we obtain by multiplying these 
values of the rope pull with the corresponding speeds v, as taken from 
the speed curve (Fig. 3). To enable us to discuss the problem in 
general we shall now, instead of the torques T,, T., and T,, introduce 
the ratios Ta, Te, 
Qe Qp 
various periods of the wind and the static torque produced by useful 
load and friction. Similarly we will, instead of power, introduce the 
ratio (power)/(QS/T). QS/T clearly represents the power required 
to wind the useful load Q at a constant speed equal to the average 
speed. It is now clear that the winding times fa, /,, and f, can be 
expressed as a function of T, r, and m, the acceleration and re- 
tardation as functions of S/T*, .r, and m, the ratios (torque)/O p and 
(power)/(Q S/T) as functions of M S/Q Т, r, and m. Т, S/T?, and 
M S/Q T^ are therefore the only constants which enter into the 
equations determining the speed, torque, and power diagrams. 

Mathematically this result is obtained as follows :— 


and Ta; i.c., the ratio between the torques at the 


&ь+{+{,=Т, or bL=T— (l +t). ... (1) 
Area of speed diagram = S gives— 
(t^ +i) у, or T-t... (а) 
S 


Maximum speed _ V 


Average speed S/T” O МЕ 
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These values substituted into (2) give— 


r—I 2 

la = T Idm 
and therefore— 

r—1 2m 
c es 
l. = T сг 
r 
. V S Fr rtm 
The acceleration А, = 7 =a „ст —73 


The retardation A, = = = 


For the power P, (Fig. 3) we get— 


ркем дуру uec ETE 


or— 


QST" QT r= 2 ^*^ 
and similarly— 

Peel 

Оте”, 

Р, __М5 r rtmg, 

Qs[T — QT*r—1 2m ' 


Denoting М S/Q T? by B we get— 


Pa I--m rn 
ОТЕ +В рут" 
Pau 
ost ^+” 
P. __ т+т rn 
QST am r= t" 
Similarly for the torque we get— 
aos: I+m r 
Qp == + D 2 Tu + 1 
T. 
—2-—-— = I 
Qp T 
T. віж r? Жз 
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(3) 


(4) 
(5) 
(6) 


(7) 


(8) 
(9) 


(10) 


(11) 
€. (12). 


(13) 
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For m — 1, that is, (,==/,, these equations take the following 
form :— 


osir^ +В; xd qose does (14) 
убт t^ lE dk ck de te Ge. е. сї NIB) 
ost = Ву TK ee e kw (16) 
+В + & og ку ы жез PN) 
б = +! Oo. de жо-ок че. We de qoc 1б) 
o5 - BL +r à. Ae rue ЛО) 


It will be seen that if we give to m the value r'o the corresponding 
factors altogether disappear from these equations, and r is-thus the only 
remaining variable. If we give to r a definite value then T,/Qp is a 
linear function of M S/Q T*. The same applies to T,/Qp. These two 
values can therefore be graphically represented by straight lines. 

In Fig.4 OA=1=T//Q. Plotting М S/Q T’, which value we will 
denote B on the horizontal, and assuming various values of r we obtain 
a system of straight lines for Т.О p, equation (17), which are plotted in 
the diagram, for r= 1'2, 1'4, 1:5, r'6, 1°8, and 270, all on the assumption 
that m=r1. T,/Qp is obtained by giving negative values to В, 
equation (17), and is therefore represented by the same straight lines 
prolonged to the left of the vertical axis. From this diagram we can 
for any given value of B at once obtain the torque diagram. Take, for 
instance, B 2033 ; for r= r5 we get Т„/О p 222:35 and T,/Q p = 0°35 ; 
T./Q р is, of course, always equal to т. For m equal to 1— 


la = f, T (r — 1)[r, or for r= r5, f; = l, = T/3. 


It will be seen that M S/O T? represents the ratio between two accelera- 
tions, i.e., in whatever units we are working this expression will always 
be a number. The right-hand sides of the equations (8) to (13) are 
therefore to be looked upon as multipliers, which will give us the 
torque if applied to Ор, equations (тт) to (13), and will give us power 
if applied to Q S/T, equations (8) to (то). The results will be expressed 
the same units as Q p and Q S/T. 

Similarly the power diagram can be obtained from Fig. 5, where B 
is plotted on the horizontal and P,/(Q S/T) P,/(Q S/T) on the vertical. 
These values can also be obtained from Fig. 4, multiplying the values 
taken from this diagram by r. P,/(Q S/T) is equal to r, which corre- 
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sponds to the point where the straight lines shown in the diagram 
intersect the vertical axis. 

The diagrams Figs. 4 and 5 show that there are certain values 
of B where braking occurs. It is generally desirable to, as far as 
possible, avoid the braking. This can be done for values of B not 
exceeding 0'25, by selecting a corresponding value of r from the 
diagram, but it can also be obtained by increasing the time /, for the 
deceleration. The time /, for the acceleration must then be corre- 
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spondingly reduced, since with a given value of rthe sum /,+/, remains 
constant. This means that m is no longer equal to т, but has a value 
larger than 1. 

It will be seen from the formula, equations Nos. (14) to (19), that if 
for B we substitute B (1 + m)/2 and B (1 + m)/2 m these formulæ take 
exactly the same form as equations (8) to (13). If, therefore, in the 
diagrams, Figs. 4 and 5, instead of B, B (1 + m)/2 is plotted to the 
right and B (1 + m)/2m is plotted to the left, the correct values for 
torque and power can be taken from this diagram as before. To 
enable us to see to what extent the valuc of m influences the torque and 
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power diagram, lines have been drawn in Figs. 4 and 5 corre- 
sponding to the different values of m in such a manner that— 


tan 8, = (1 + m)/2, tan 8, — (1 + m)[2 m. 


If B is plotted on the vertical from zero downwards and transferred by 
means of these m lines to the horizontal the values B (1 + m)/2 and 


` 


“ре speed 


FIG. 5. 


B (1 + m)/2m are obtained, and the corresponding values for torque 
and power, corresponding to any given value of m, can be read off from 
thc diagrams direct. 

In Fig. 5a the values of (1 + m)/2, (1 + m)/2m, 2/(1 + m, 2 m[(1 + m), 
which are the only functions of m that enter into the equations, аге 
plotted on the vertical with m on the horizontal. From the above it 
will be seen that if m is larger than 1, the acceleration peak of the 
diagram increases fairly rapidly. The value of m smaller than 1 
reduces the peak load; but such values can, of course, only come 
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into question when dealing with low winding speeds, as otherwise 
T,/QS will assume too large negative values. From the formula, 
equations Nos. (6) and (7), it will be seen that the acceleration A, 
is equal to > n : en and that the retardation A, is equal to 
S n «I+m А : T 

LN rev oa If M/O is made equal to 1—in other words, if in 


Fig. 4 we plot ч : + 7" on the line A D, the acceleration is obtained 


as a distance between line A D and the corresponding r linc. Similarly 


the retardation is obtained by plotting El : т on the line А F as the 


distance between this line and the corresponding r line. The accelera- 


FIG. 5A. 


tion and the retardation is then obtained in the same units as S/T*. As 
M/Q has a fairly constant value the height of the peaks, that is, the 
difficulty in designing the winding machinery, depends upon the value 
S/T*. The measure of quick winding or slow winding is, therefore, 
not the average speed S/T, but the value of S/T’. 

If we express the depth of shaft Sin metres and the time in seconds 
the largest value which has hitherto been adopted for any winder is, to 
the author's knowledge, 0°34, or if expressed in feet and seconds, r'1. 
The usual practice for modern fast-winding machines corresponds to a 
value of 02 to 0'25 in the metric system, or 0°65 to 0:82 in the English 
system. 

In starting from rest the acceleration is naturally limited. In 
practice it is not desirable to exceed an acceleration of 1°3 metres per 
second per second, or 4°3 ft. per second per second. In the same 
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manner it is desirable that the braking torque, if at all required, should 
be kept within limits, not only from the point of view of efficiency, 
but also to make it easier for the driver to wind to time. Naturally 
also the danger of an overwind increases with the amount of mechanical 
or electrical braking required to bring the winder to a standstill in a 
given time. It may be said generally that the greater the amount 
of external braking required, that is, the more the actual retardation 
differs from the natural retardation which the winder would assume 
if left to itself, the more difficult is it to judge the proper amount of 
external braking power to apply. Itis also to be remembered that, 
when lowering loads, ever so much greater braking power may be 
required than when raising loads. It may therefore be said as a 
general rule that the external braking required for stopping under 
normal working conditions, if not altogether avoidable, should not 
exceed one-half to three-quarters of the static torque Q p. 

Electrically driven winders are either controlled by resistance in 
the ordinary way or else on the Ward-Leonard system. The resistance 
control involves a considerable amount of losses in the external resist- 
ances ; but, on the other hand, when the winder is at rest no energy 
at all is being consumed. The Ward-Leonard system generally neces- 
sitates the use of a motor-generator, the motor of which is connected 
to a constant voltage supply, generally alternating current. The con- 
trol of the winding motor is then obtained by varying the voltage at 
the terminals of the motor armature, by means of resistance regulation 
in the starting dynamo field circuit. The motor field remains all the 
time at constant excitation. Under such circumstances the torque 
produced by the winding motor is proportional to the current, the 
copper losses of the motor armature are proportional to the square 
of the current, and, therefore, also proportional to the square of the 
torque. The average value of the (torque)? or of the R.M.S. torque, 
therefore, determines the copper losses, that is, the size of the motor. 
Calculated over the running period T of the winder, the R.M.S. 
torque Tg is as follows (Fig. 2) :— 


Ta la T [4 É ud r 
ten, Е чс 


If in this expression all the quantities are expressed in functions of m 
and r as per equations Nos. (3) to (5) and (11) to (13) we obtain, after 
some transformation, the following expression :— 


T o.f1^-mva2 DP — 
R= = (=) e UP meus (20) 


2 m r— i 


Examining this expression we find that for given value of B the varia- 
tion for all values of r and m which come into question is not very 
considerable. The total amount is at the most + 10 B per cent. Con- 
sidered mathematically the above function has a minimum which is 
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obtained for r= 1'5 and m =. Near this minimum a small variation 
of rand m has practically no effect at all, so that this minimum value 
may be considered constant for values of r between r4 and 1:6 and 
values of m between o'8 and r2. It will be seen from equation (26) that 
for a given B and r there are two values of m which give the same 
value to R, one of these values being larger than 1, the other smaller 
than 1; for instance, m = 2 and m = 0:5 will give exactly the same 
results. In Fig. 4 curves have been drawn showing the value of R or 
Tr/Qp. The full line corresponds to the average value, the dotted 
line below to the minimum value obtained for rz-r'9 and m == r. 
The dotted line above corresponds to r= r2 апа т==о°5 or 2:0, 
which are the highest values that can come into question. The full 
line corresponds to m = 1, r —2, which gives the formula— 
Tr = [160 В? + 1 
Qp 

from which the average value of the R.M.S. torque can be calculated. 

The iron losses of the winding motor armature are practically pro- 
portional to the motor speeds. It follows that for a given motor the 
iron losses must be the same, whatever the form of the speed diagram. 
If, therefore, we run the winder during the time T at a speed corre- 
sponding to the average speed S/T, developing a torque corresponding 
to the R.M.S. torque, the losses in the motor will be the same as if the 
motor was working according to diagram. The losses, therefore, for 
any given motor will remain practically the same, whichever winding 
diagram we adopt, if we neglect the variation due to the variation in 
the R.M.S. value. It further follows that if the efficiency of the motor 
when running at average speed developing the torque T is n,, then 
the efficiency taken over the diagram is— 


I 


p EDI 


For the armature of the starting dynamo we arrive at a similar 
result. The current in the motor and dynamo circuit is naturally the 
same. The iron losses, however, do not vary proportionally to the 
winding motor speed—that is, to the voltage at the starting dynamo 
terminals. One part of the iron losses are proportional to the square 
of the voltage, the other and larger part to the 16 power. If the iron 
losses are ascertained at average voltage, and we assume these losses to 
be proportional to (speed) 177, we can calculate the iron loss taken 
over the diagram, which we obtain as a product of the losses occurring 
at average voltage and a function of r which has the following form:— 

Iron loss over |= 34 * [и X loss at average voltage (motor 
diagram speed), 
— K, x loss at average motor speed. 
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It will be seen that for r= 1, К, is equal to т, and for r2, К, is 
equal to 1°20—in other words, if we assume that the average iron loss 
calculated over the diagram is equal to the iron loss occurring at the 
voltage which corresponds to the average motor spced, we introduce an 
error which in no case exceeds 20 per cent., corresponding to an error 
of about то per cent. of the total loss, or somewhat less than 1 per cent. 
of the efficiency. It may therefore with sufficient accuracy be said that 
the losses of the starting dynamo taken over the diagram would be 
the losses of this dynamo when running at full speed with a current 
corresponding to the R.M.S. torque of the motor, and with a voltage 
corresponding to the average speed of the motor. This means that 
the armature losses which occur when the dynamo runs at full speed, 
driving the motor at average speed and a load corresponding to the 
torque Т р, are equal to the average diagram loss both for the motor 
and the dynamo. If the combined efficiency under these conditions 
is y, the combined diagram efficiency is— 


I 


с) 
Na 
The efficiency can therefore be fairly accurately tested when running 
the machines under such conditions. Where required the correction 
can be applied in accordance with the above formula. 

The dimensions of the winding motor not only depend upon the 
losses in the machine, but also upon the ventilation or the cooling 
effect, which we will define as the amount of heat dissipated per 
second for each degree of temperature rise. The influence of a stop 
naturally depends upon the ratio between the cooling effect at stand- 
still and the cooling effect at full speed. If it isa question of a very 
badly ventilated motor this ratio is nearly equal to 1, and the stop is of 
very great influence. If the motor is well ventilated, then the cooling 
effect at standstill is comparatively small, and the stop, unless it exceeds 
I5 per cent. of the running time, may be altogether neglected. The 
cooling effect of a motor at variable speed naturally depends greatly 
upon the design ; but, in any case, one part of the cooling effect may 
be looked upon as constant at all speeds. This is the cooling effect 
which occurs at standstill. The cooling effect of certain parts of the 
motor will increase in direct proportion to the speed, and of other 
parts of the motor with the square of the speed. The constant part 
and the part which is proportional to the speed are not influenced by 
the form of the speed diagram. If we had only these two items to 
consider, the cooling effect or the ventilation would be equal to that 
occurring at average speed. 

The part of the ventilation which is proportional to the square of 
the speed will produce an effect proportional to the R.M.S. of the 
speed diagram. This is easily calculated in the usual manner, and is 
naturally the smallest for r= 1, and will reach its maximum for r = 2. 
This maximum is 15 per cent. higher. For r= r2 it is 6 per cent. 
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higher. We find, then, that it is only part of the cooling effect which 
is influenced by the form of the speed diagram, and that not to a very 
considerable degree. If we design a winding motor to run at a speed 
corresponding to r = 1'5, and afterwards increase the maximum speed 
of this motor, the cooling effect will slightly increase, but so will also 
the copper losses, as we have seen when discussing the R.M.S. value of 
torque. For values of r below 1°5 the ventilation slightly decreases 
and the copper losses slightly increase, so that when working to such 
diagrams the temperature of the motor would somewhat increase. 
From the above it will be seen that the motor losses depend upon the 
value of B and the average speed S/T. The ventilation also depends 
upon the value of the average speed S/T, so that the size of the motor 
can be determined without drawing any speed or power diagrams at 
all. If the motor is then designed to give the R.M.S. torque at a speed 
corresponding to S/T, we can, as long as the sparkless running does 
not stand in the way, use this motor when winding to any speed 
diagram welike. If the motor is of a badly ventilated type the tem- 
perature rise will be the same at all speeds. If it is very well ventilated 
we may expect a reduction in temperature rise for diagrams corre- 
sponding to the higher values of 7, but not more than 5 to 10 per cent. 
for r 22. 

Naturally the overload capacity of the winding motor and the 
starting dynamo have to be considered, but it will be seen from 
Fig. 4 that for m = 1—that is to say, la = /,——the maximum torque for 
such value of r which can come into consideration for any given value 
of B never exceeds twice the R.M.S. value ; in other words, if the 
designs employed will stand an overload of 100 per cent., special 
investigations are necessary only when the value of m is larger than 1, 
or if the stop is of long duration. 

The temperature rise of the starting dynamo is also practically 
independent of the speed diagram, since the total losses, as we have 
seen, vary only to the extent of a few per cent. The speed of the 
starting dynamo is practically constant when the Ward-Leonard 
system is employed, and for the Ilgner system the variation rarely 
exceeds 15 per cent., in which case the dynamo, so far as temperature 
rise is concerned, should be calculated for average speed. It is easy 
to see to what extent the temperature rise of the starting dynamo is 
influenced by the stop. 

In dealing with a winder on the Ward-Leonard system we have to 
consider separately the constant losses and the variable losses. We 
have, therefore, in the preceding chapter discussed only the armature 
losses of the winding motor and starting dynamo, since the motor field 
losses remain constant, the fields always remaining excited as long as 
the motor is working. For the field losses of the starting dynamo the 
average value may be taken, which then is to be considered constant. 
The windage and bearing friction of the winding motor we have 
included in the shaft cfficiency, so that these losses need not be 
separately considered. The running of the motor-generator requires 
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a certain constant amount of energy to overcome the bearing friction 
and the windage, and to cover the no-load losses in the induction 
motor. There are, further, the losses occurring in connection with 
various auxiliary machinery required for the winder, such as air com- 
pressor and the no-load energy for the motor-generator for the excita- 
tion, if such a machine is provided. АП these losses remain constant 
even when the winder is standing. When the flywheel is coupled to 
the motor-generator (Ilgner system) these losses become still greater. 
These losses greatly influence the annual efficiency. If у is the 
efficiency of a Ward-Leonard or Ilgner winder calculated over a com- 
plete winding period, including stop, and f is the load factor—that is, 
the ratio of hours of full work to the total number of hours, and д the 


constant standby losses expressed in percentage of average input at 
full work, then the annual efficiency is— 


It has already been mentioned that when resistance control is 
adopted special resistance losses will occur whether the motor is a 
continuous-current or a 3-phase one. "These losses during the starting 
period must necessarily be equal to the useful work during this period. 
The conditions during the retardation period may vary; either a 
certain amount of energy is required during the running-out period or 
mechanical braking must be applied, or the winder runs out without 
any application of power in either direction. 

As indicated in Fig. 6, if positive power is required the correspond- 
ing resistance losses will be equal to the useful work performed, but if 
braking occurs the losses correspond to the surface indicated in Fig. 7. 
The work performed by the motor is equal to QS. The losses during 
the starting period and retarding period, L, and L,, depend upon the 
shape of the power diagram. With winders of this description we 
have therefore to consider a diagram efficiency— 


=- 9S9. 
M= КҮ РЕТ 
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From the diagram Fig. 3, we further get— 


L,— PLI 1„==Р,1„[2, P, >o. 
Expressing P,, /,, P,, and /, in terms of rand m, we get— 


=, (Ве), 


І 

TS 

C= 2> = вм " 
I+ 


2 
m 
and— 


L=L,+L,=QS(r—yr), 
and therefore the diagram efficiency na = 1/r. 


If no energy is required during the retardation period, L, is equal 
to zero, and we get— 


B 1+m 
2 
and— 


= m (r—1), 


peta BÉ eS 


and diagram efficiency— 


Na == 


тм 


We find, then, that if P, is positive ог equal to zero, the diagram 
g ^ 
А) 


7L 


Bp 
FIG. 7. 


efficiency is always equal to 1/r whatever the shape of the diagram 
may be. If P, is negative, then we get (Fig. 7) — 


L,= + QS (BE a+r), 


I+m 
T 
L, = — gs (r—1—B itp), 
oe 2 
m 
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and— 


= „+ L.=QS (Br + (r—1) =”) 


and diagram efficiency— 


I 


n= = === 
B 7? + (7 —1) 


I—m 


+ т 


+I 


If m is equal to 1, then the diagram efficiency in this case takes the 
form ne = 1/(B7° + 1). If m is larger than rz, the diagram efficiency 
can either be correctly calculated from the above formula or else be 
obtained as a very close approximation from the following formula :— 


I 
BUT ny 


Na = 


this contains the value B (1 + m)/2m, which is what we require to 
obtain from Figs. 4 and 5 the torque T, and power P,. The diagram 
efficiency is graphically represented in Fig. 8. Reading— 


B or B (1 + m)/2 m 


on the horizontal, we obtain on the vertical the diagram efficiency, in 
per cent., for various values of r. It will be seen that for any given 
value of r the diagram efficiency remains constant up to a certain value 
of B, corresponding to the point where mechanical braking commences 
to be required (see Figs. 4 and 5). There a certain change occurs in 
the curve, and for larger values of B the diagram efficiency steadily 
decreases. 

It is easily seen that the armature losses for a continuous-current 
winding motor may be calculated in exactly the same manner for 
resistance control as for a Ward-Leonard control. When 3-phase 
motors are used, the same methods can also be applied in the following 
manner: The iron losses of the stator core are naturally constant 
during the whole running period T. The iron losses in the rotor 
circuit are very nearly proportional to the slip ; they ate clearly zero 
for rz 1, and for any other value of r they are equal to the losses 
which would occur if the motor was running at average speed. The 
copper losses may be calculated on the assumption that the mag- 
netising, or the no-load current, remains constant with the energy 
component, increasing in proportion to the load. The copper losses 
due to the magnetising current can then be included in the constant 
losses together with the iron losses in the stator, and the remaining 
copper losses are then approximately proportional to the torque. The 
total losses therefore again depend upon the R.M.S. value of the torque, 
and the total losses in the motor are the losses which would occur if 
the motor was running during the time T at average speed, that is, 
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with a slip corresponding to this speed, developing a torque equal to 
the R.M.S. torque. 

The ventilation of a 3-phase motor may be considered on exactly 
the same lines as in the case of continuous current; that is to say, 
the cooling effect produced when running according to any speed 
diagram will be nearly the same as the cooling effect produced when 
running at average speed. Dealing with the ventilation in this manner, 
we, as before, somewhat underestimated the cooling effect for the 
higher values of r, and probably to a somewhat higher degree * than 


700 


Efficiency 96 


Fic. 8. 


in the case of continuous-current open-type motor, since in a 3-phase 
motor the part of the cooling effect which is proportional to the 
square of the speed is, as a rule, comparatively large. At any rate, as 
a first and fairly close approximation, it may be said that the size of a 
3-phase motor depends upon the R.M.S. value of the torque and 
the average speed. In the case of 3-phase motors, we are limited 
to definite speeds, and therefore for direct coupling only certain 
definite values of r can come into consideration when the diameter 
of the drum is fixed. Each of these values of r corresponds to a 


* This is, however, compensated by the fact that the copper losses are rather 
underestimated when dealt with in this manner, 
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definite synchronous speed, and we can work to other values of r only 
if we are at liberty to vary the diameter of the drum. If gearing is 
introduced, then the R.M.S. torque of the motor is reduced in pro- 
portion to the ratio of the gearing. If we decide on a certain motor 
speed, then there is a definite ratio of the gearing 1/a which cor- 
responds to the value of r= 1. For any other value of r the gearing 
must be correspondingly reduced to r/a. It follows that the R.M.S. 
torque for which the motor is to be designed increases in proportion 
to the value r. 

It, therefore, the maximum motor speed has been decided upon, the 
rated output of the motor will be smaller the lower the valuc of r. 
The diagram efficiency is higher the smaller the value of r, and finally it 
will be seen from Fig. 5 that for any given value of B there is a certain 
value of r which gives the smallest possible peak load. For values 
of B larger than 1, this minimum peak load is obtained for r= 1'3 to 
1'4, and even r= 1'5 gives no great increase of the maximum load. 
We can further see from Figs. 4 апа 5 that with such values of r 
the braking can be avoided for values of B below 0°22. It will be seen, 
then, that as long as B does not exceed 0'22 gear-driven winders with 
resistance control can be very nicely adapted to the work. The only 
real difficulty to be considered is in connection with the peak load, but 
as long as the generating station is large enough to deal with the loads 
occurring, this system is most certainly to be recommended, and the 
more so the smaller the value of B. For values of B above 0'22 the 
Ward-Leonard control or the Ilgner system is preferable, and becomes 
indispensable when B approaches the value 0°3. Above this value the 
cylindrical drum is less serviceable, and types of drum such as the 
conical or cylindro-conical types should be considered, which, whilst 
increasing the braking effect produced by the load during the retarda- 
tion period, considerably reduce the peak load during the starting 
period. For B = 0'22 and r=1'5 we obtain from Fig. 8 a diagram 
efficiency of 0°67. For medium-size winders and moderate speeds an 
overall efficiency of the motor, taken over the diagram, of 088 
is easily obtainable, so that with a shaft efficiency of 83 per cent. and 
98 per cent. efficiency of the gearing, the overall efficiency of such a 
winder would be approximately 50 per cent. For smaller values of B, 
for instance, B = 0'14, a diagram efficiency of 84 per cent. is obtain- 
able, which under otherwise similar circumstances would give us an 
overall efficiency of about 62 per cent. 

When electric winders were first introduced no ,gearing had as yet 
been put on the market which could be considered safe, reliable, and 
efficient for transmitting large powers. Except for small winders the 
direct coupling of the motor to the winding drum was the only arrange- 
ment considered. During the last few years, however, the leading 
makers of machine-cut double helical gear have put on the market 
gears capable of transmitting several thousand horse-power, and are 
now willing to quote for such gears to transmit any desired power. 
As long as the ratio of reduction does not exceed 1 : 1o, they guarantee 

Vor. 40. 14 
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efficiencies of 98 per cent. and absolute silent running of the gear. 
Gearing of this sort naturally cannot come into question in connection 
with steam winders. The electric motor with its even torque, capable 
as it is of starting free from shock and jerks, has here opened new 
possibilities which are sure to receive considerable attention in the 
future, particularly in connection with direct 3-phase winders. This 
particular type of winder is, as is well-known, difficult to arrange 
for direct coupling. At the usual periodicity (50 periods) it is difficult 
to build the induction motor for the usual slow-drum speeds in an 
efficient manner. Its power factor is very bad, and its efficiency com- 
paratively low. Furthermore, we are tied to definite speeds, and such 
a motor is very expensive. With gearing, however, it is possible to 
obtain such speeds for the motor that it can be designed for a high 
efficiency and high power factor, and generally we can obtain so much 
better conditions, that even if the losses of the gearing amounted to 
Io per cent. and more it would pay to introduce it. With 98 per cent. 
efficiency of the gearing the saving will generally amount to at least 
IO per cent. as compared with the direct-coupled winder. 

One difficulty with the ordinary type of double helical gearing 
when employed in connection with reversible machines, such as 
winders, was that the wear was considerably more when running in 
one direction than in the other. Lately, however, the so-called “ fish- 
bone” type of gearing has been tried, and has given very satisfactory 
results. With this type of gearing the wear is the same in both 
directions of rotation. Although gearing of this sort is fairly expensive, 
the total cost of motor and reduction gear is considerably less than 
that of the direct-coupled motor, 

From the above we get for the calculation of the winding motor the 
following formula, where S is in feet, Q in lbs., and T in seconds. 

The motor must at average speed— 


"Py р т revs. Рег minute, 
give an output— 
Н. =Q S R/550 Т horse-power (British units), 
with specified temperature rise intermittently with a ratio— 
Time of work T 


‘lime of rest ~ 14, 


The corresponding continuous output Н, at speed N, depends upon 
the design, but if /, is not more than 20 to 3o per cent. of T, we 


may put— 
Н. == Н. J/T/(T + t). 


With the same torque the output of the motor at full speed, № == r N,, 


would be— 
H=rH,’, 
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but the temperature rise would be less, corresponding to the better 
ventilation, and for a 3-phase motor also on account of the absence of 
rotor iron losses. 

If the motor is geared in ratio 1:a, then the average motor speed 
is n, = a N,, the full speed is n =r л, =r a Na = а N, and if y, is the 
efficiency of the gear— 


_ QSR : : 
(TX scot at speed na, intermittently, 
or— 


ha' = ha /T/(T + L) continuously, 


at the given temperature rise. 
Output at full speed with the same torque— 


h == В. X T. 
If the maximum speed n of the motor is given, then— 
na = nr =a Na,  a-n[r Na 


For the output in horse-power we get the same formula as before. 
Since n is given, й increases in proportion to r, that is, although the full 
` speed of the motor is the same, the corresponding output of the motor 
at full speed varies with r. If, for instance, a 500- H.P. motor at 375 revs. 
per minute will do the work with r= r2, we have to employ a 
(2/12) х 500 or 83o-H.P. motor, 375 revs. per minute, if we work 
to r= 2:0, and as the average speed would be for the s500-H.P. motor 
п. = 325 = 310; for the 830-H.P. motor, na = 187 ; the latter motor 
must, as regards temperature rise, be more amply rated or a still larger 
type selected. The value of r has, as we have seen, a very considerable 
influence both on efficiency and size of motor (particularly if gear-drive 
is employed). If controlled by resistance, r should have the smallest 
possible value which will enable us to work without braking and with- 
out exceeding the largest value allowed for the acceleration (Aw). 

Turning the question the other way round, we may say that for 
each value of r there is a definite largest value of B, which we will call 
B,., for which it is possible to draw a speed diagram such that the 
acceleration does not exceed А„ and no braking occurs ; the valuc of 
B,, depends, as may easily be seen, upon the product A, x М/О. 

In Fig. 9 the curves a, b, c, and d give the corresponding values of 
B, and r for— 


An X М/О = ro, r2, r4, and r5, 
corresponding to— 


metres 
sec.? 


Åm = O'QI, 1*09, 1°27, and 1°36 for М/О — r'1, 


or to— 


metres 
Aw = 0°83, r'o, 1°17, and 1°25 usura 


~ 2 
. 


for M/Q — 172, 
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allin metric units. For the corresponding value of the diagram efficiency 
the curves a’, b’, с and d' have been drawn. Тһе maximum torque o 


for such values of B and r is— 
Т.Ә p = 1 + Am M/Q, 


or 270, 272, 24, and 2:5 for the curves a, b, c, and d in the order теп. 
tioned. To make the diagram complete the value of К is plotted 
below the horizontal axis. This diagram gives all the information 
required for the preliminary calculation of a winding motor for 
resistance control, 

If Ward-Leonard control is employed, the smallest motor and best 
efficiency is obtained for r = r4 to 1'6 апа m=0'8 to r2. r=1'5 is 
therefore the correct value as long as A, does not exceed what we 
consider the upper limit. For М/О = го to r2 we get the following 
table for B, r, and Am, which is taken from Fig. 4 :— 


T. Am. В. | 
U5 I'O 0222-0266 
1*6 I'O 0°235-0'282 
| r8 I'O 0'247—0'296 
| 2'0 I'O ,.0'250—0'300 
| I'5 '2 0:266—0'320 
| I'Ó 1'2 0'266—0:338 
ra | I2 0'297-0°356 
2'0 | 1'2 0°300-0'360 


(See also Fig. 9.) 


CYLINDRICAL DRUM WITHOUT BALANCE ROPE. 


If we add the torque produced by the unbalanced rope to the 
torque diagram calculated on the assumption that a balance rope is 
used, we obtain the torque diagram for unbalanced rope. 

If s, is the travel of the cage during the acceleration, s, the travel 
during retardation, / the weight of rope per unit length, and W the 
weight of rope of length S, then we get— 


А Я І 
libe аш + m' 
E c т 


dab с; 


which gives — 

Sa +s 25 S(r — 1). 
For m = 1— | 
= S, — oft) 


Sa = 


› 
~ 
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The rope torque at the beginning of time /, (Fig. 10) is W p, at the 
end of time /, it is (W — 2/5,)p ; at the beginning of t, itis(W — 21 s,) р, 
and at the end of t, is equal to — Wp. The torque diagram then takes 
the form of Fig. 10. 


We get then— 

Te = Те QW 

Qe Qe Q T 
ToT W 2 

Fg tole- 2): — (22) 
e T W 2m 

ara Шаа р). бл cd te c9 (23) 
T_T, _\' (24) 
OP or шз So ee LII LLLLLOE 


The values of T;/O p, T./Qp, and T,/Qp are obtained from equations 
(17), (18), and (19), or Fig. 4. 

The R.M.S. torque may be calculated in much the same manner as 
when balance rope is used, but the general expression is much more 
complicated. It will be found, however, that m and r in this general 
expression occur in combinations which give nearly constant values for 
all values of r and m which can come into question, and that taking 
into consideration the actual shdpe of the torque curve (Fig. ro), the 
R.M.S. torque may be calculated from the following formula :— 


Tro __ LE ge К W? W Je 
gem Rm К TOTS Rr. dar * x 5 (25) 


К is obtained from equation (20), and is the R.M.S. value Tr/Q р for a 
balanced rope. As has been explained before, R is a minimum for 
rzz 1:5 апа m=1; the second term is constant, and fhe third is a 
maximum for r= rs. For small values of W/Q, R, therefore has a 
minimum at about r = 1:5, but for larger values it becomes practically 


Kad d 


independent of r. r-—— varies from гоо for r=1 and r—2, and is 
equal to 1°12 forr=1'5. If we substitute an average value r3 a 2 = 1°08, 
we get— 

Ro = JR? +07 WQ + 432BW/Q . . . . (26) 


In Fig. 11 К, is plotted as a function of B for W/Q = го, 075, 0°50, 
and 0'25, and each time for r=2, 1'5, and r2. From this diagram 
the value of R can be obtained when B and W/Q are given. 

If in Fig. 4 we draw a line CG parallel with the horizontal axis at a 
distance OC = W/Q from O, it intersects the r-lines in points corre 
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sponding to such values of B for which the winding can be performed 
without balance rope and without = It will be seen at a glance 


r We "7-0, Am DR ms? 


2:0г200% Diagram aff: 
» | 4 
60 

75 


FIG. 9. 


that the larger W/Q is the smaller are these values of B. The calcula- 
tion of the motor otherwise remains the same as before. 


FIG. IO. 


Summarising the results of the above investigation they are mainly 
as follows :— 


CYLINDRICAL DRUM WITH BALANCE ROPE. 


1, The size of a winding motor for a given arrangement of the 
mechanical part and a given useful load depends upon the value 
MS/Q T* which decides the torque, and the value of S/T which 
determines the temperature rise. 
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2. The form of the speed diagram influences the size of the motor 
when direct-coupled, or for a fixed ratio of gearing, not more than 5 per 
cent. for values of M S/Q T? not exceeding 0'2, and not more than 
IO per cent. for values of М S/O T? not exceeding 0'4. With geared 
motors, if the maximum motor-speed is given, the value of r has a very 
great influence upon the size of the motor, which is then larger the 
larger the value of r. 

3. The temperature rise of a winding motor under actual working 
conditions can be ascertained by running the motor at average specd 
with a load corresponding to the R.M.S. torque. 

4. The electrical efficiency can be ascertained by running the 


Зра 


2 
^0 СЕР есета 
ы OJ O-2 ° 
FIG. II. 


motor at average speed developing a torque equal to the R.M.S. 
torque. | 

5. With resistance control a test as under 4 gives the sum of 
motor losses and the resistance losses. The motor losses during time T 
are equal to the motor losses taken over the diagram. The resistance 
losses stand in the same proportion to the mechanical output as during 
actual winding if no braking occurs. 

6. Resistance control can, with the limitations given in the paper, 
not be considered for values of B larger than about 0°25. Asa rule, 
in consideration of the peak load the limiting value is smaller still. 
The most suitable values are В==о'1 to 072. 

7. Ward-Leonard control with cylindrical drum can be used for 
values of B up to about 0°35. With Koepe discs, however, the 
maximum value of B is about 0'25. 
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CYLINDRICAL DRUM WITHOUT BALANCE ROPE. 


8. The effect of leaving out the balance rope is to increase the 
R.M.S. value of the torque diagram by about one-half the torque pro- 
duced by the full length of rope. For values of B smaller than o2 the 
increase is somewhat less, and somewhat more for B > 0'2. 

9. If we desire to work without braking, the value of B for which 
resistance control is suitable is reduced in proportion to (1 — W/Q), 
that is, it can only come into question for values of B smaller than 
about o'15. 

10, Ward-Leonard control can be used within the same limits as 
before, but the motors are then much larger and the efficiency con- 
siderably less. 

rr. When testing the winding motor as under 5 the diagram 
efficiency has to be separately dealt with. 

I2. Different winding systems and best results cannot be correctly 
compared without taking into consideration the value of M S/Q T? and 
the value of M/Q so far as it is inherent to the system. If no balance 
rope is used the value R/Q must also be considered. 


1910] WILD: THE TESTING OF TRANSFORMER IRON. 217 


THE TESTING OF TRANSFORMER IRON. 


By LANCELOT W. WILD, Member. 
(Paper received December 22, 1910.) | 


When accuracy is the first consideration, transformer iron is doubt- 
less best tested in the form of rings. For routine tests, however, ring 
specimens are impracticable on account of the cost of winding. For 
everyday testing transformer iron is generally obtained in strips, 
which are built up to form some form of magnetic square, the strips 
being threaded into coils ready wound, and fixed to a base-board. 

One form of magnetic square which has been very largely employed 
is shown in Fig. 1. The strips are built up with butt joints, differently 
disposed in alternate layers, so that the joint in one layer is covered by 
continuous iron in the next. This may be called the interleaved butt- 
joint system with square corners. 

The system employed at the National Bureau of Standards, Wash- 
ington, which mav be called the Washington system, is shown in 
Fig. 2, and has been described by M. G. Lloyd and J. V. S. Fisher.* 
The strips, which measure то X 2 in., are interleaved with strips of 
paper or other suitable insulating material of the same thickness as 
the iron. They are then made up into four bundles, which are wound 
round with tape and inserted into the coils. Corner-pieces are then 
cut and bent, each to a different length, and these are inserted between 
the ends of the strips, as shown. А double clamp is finally placed at 
each corner, and is tightened up so that the strips and corner-pieces 
are held fast together. 

Itis customary to allow at the corners an overlap of 2 mm. Assum- 
ing that throughout the overlap the flux density is half the normal, the 
specific loss for the whole specimen should come out too low by a 
percentage equal to 1°4 times the percentage of overlap. With strips 
IO X 2 in. and 2 mm. overlap the overlap works out to 1°4 per cent. of 
the total length. The correction to be made to the measured specific 
loss is therefore 1'4 X 1'4, or about 2 per cent. This has to be added 
to the measured loss, or, as is generally more convenient, subtracted 
from the total weight. If any other overlap is chosen the correction 
may be taken as 1 per cent. for each millimetre overlap. | 

Obviously this correction will vary slightly for different densities, 
but, as Messrs. Lloyd and Fisher point out, if an ultimate accuracy to 

* Bulletin of the Burcau of Standards, vol. 5, p. 453, 1909. 
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I per cent. is all that is aimed at, it will be quite near enough if we take 
this correction as constant. 

The two chief objections to the interleaved system are, first, that 
the difference between the longest and shortest path presented to the 
flux is great ; and, secondly, at the corners the cross-sectional area is 
increased to „/2 times the normal. At low densities the flux will tend 
to crowd into the shortest path, and this should increase the specific 
loss as a whole. At high densities the decreasing permeability will 
tend to cause the flux to spread out more, and at very high densities, if 
there is no magnetic leakage, the results obtained will tend to come 
out correctly. 

The objection to the interleaved system can partly be overcome by 
rounding the corner, as shown in Fig. 3. This renders the cross- 
section constant at all points of the circuit. One may still, however, 
expect to get high results at low densities. 

The fault that naturally occurs to one with regard to the Washing- 


FiG. I. FIG. 2. 


ton system is that the cutting and bending of the corner-pieces is 
likely so to increase hysteresis locally as to vitiate the total measure- 
ment. There is also the practical consideration that the operation of 
making and fitting the corner-pieces takes а considerable amount 
of time. 

In order to arrive at a general idea of the magnitude of the errors 
involved the author has made comparative tests on four specimens 
employing all three systems. The strips, which measured Io x 2 in., 
were first tested by the interleaved method with square corners. Four 
strips were then removed, and the remainder made up into bundles for 
testing by the Washington method. The corner-pieces were cut mostly 
from the four pieces employed in the interleaved method, but not taken 
into the bundles. A little additional iron had, however, to be added to 
make up, as the four strips were only sufficient to make about three- 
quarters of the corner-pieces. 

Tests were made by the Washington method with an overlap of 
2 mm., and again with an overlap of 5 mm. The idea was that if the 
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cutting seriously increases hysteresis locally the effect would be less 
with the larger overlap, and the difference obtained would give some 
sort of clue to the amount of the error. In one case a further test was 
made after imperfectly but certainly partially re-annealing the corner- 
pieces. A second test by the interleaved method with square corners 
was then made, in order to show whether the pieces used for the 
corner-pieces fairly represented the bulk, and finally the ends of the 
strips were cut, as shown in Fig. 3, and a test was made by the inter- 
leaved method with rounded corners. The weight of iron tested was 
in every case about 4 lbs. 

The corner-pieces for the Washington method were cut with 
ordinary hand shears. As much probably depends upon the sharp- 
ness of the shears and the set of the blades, a new pair of shears 
was obtained for the purpose, and the blades were re-ground before 
cutting each set of corner-pieces. The corner-pieces were bent up in 
the vice. Messrs. Lloyd and Fisher suggest that it is advisable to 


FIG. 3. 


obtain a very sharp bend. With lohys the bends were not sharp, but 
extended throughout about 4 in. of the material. With stalloy, on the 
other hand, no difficulty was experienced in obtaining sharp bends, 
the cracking of the scale assisting to cause the bend to take place all 
along a line. 

In adopting dimensions of 10 x 2 in. the author does not suggest 
that these are the best dimensions for the interleaved method. Possibly 
Io X rin. would be preferable. It was, however, desirable that as far 
as possible absolutely the same iron should be tested by both methods. 

Magnelising Coils.—For the Washington method four fibre bobbins 
were constructed, measuring 24 X ys in. inside and 9} in. long outside 
cheeks. The magnetising winding consisted of a total of 1,430 turns 
of No. 14 wound in four layers. Over this was wound half this number 
of turns of No. 18 for energising the wattmeter shunt. For the inter- 
leaved method the bobbins were of the same internal dimensions, but 
only 7} in. long. The magnetising winding wasi1,440 turns of No. 14, 
wound in five layers. Half this number of turns of No. 18 furnished 
the energy for the wattmeter shunt. With practically the same 
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winding on both sets of coils the voltage, current, and C R drop were 
practically the same. Instrumental errors were thus neutralised, and 
form-factor errors were the same for both sets of tests. In the case of 
the interleaved method the iron was held in place by means of oak 
wedges driven into the openings of the bobbins. In the case of the 
Washington tests the iron was held tight by double clamps of brass 
and oak. 


"ООООООООООО 


FIG. 4. 


Electrical Connections.—The arrangement of the circuits are shown 
in Fig. 4. The letters refer to the following :— 


Electrostatic voltmeter. 
Two-way switch. 

Sh Shunt winding on iron. 
cw Alternator. 


I Iron under test. 

M Magnetising coil. 

P Pressure coil of wattmeter. 

Sr Series coil of wattmeter: , 

К  Non-inductive resistance, variable to alter range of watt- 
meter. 

T Eleven terminals of an auto-transformer, with ten equal 
windings. 

V 

C 


The alternator was connected to five sections of the auto-trans- 
former. The electrostatic voltmeter was connected across five sections 
of the transformer at 50 periods and ten sections at 25 periods. The 
same reading was thus obtained at both periodicities. The mag- 
netising circuit was connected to one section of the transformer for 
2,500 Bmax, and the lead was moved to include one more section for 
each additional 2,500 В... At 12,500 Bmax. it covered five sections, and 
then the transformer did not come into the circuit at all. For tests at 
2,500, 5,000, and 7,500 Bmax. the switch was turned to the right. The 
wattmeter shunt then received its energy from tbe transformer. This 
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allowed of the shunt voltage being raised to as much as ten times the 
magnetising voltage, reducing the minimum range of the wattmeter 
from 5 watts to o'5 watt, and thus allowing good readings to be 
obtained at the lower inductions. With this arrangement the series 
losses were included in the measurement. It was ascertained by 
means of an ammeter that up to 7,500 Buss, these losses never exceeded 
т per cent. of the iron loss, so as the series losses were almost identi- 
cally the same for both series of tests they could be neglected. At 
higher inductions the series losses become serious if included, and at 
15,000 Bmax. and 25 periods the series loss is for thin stalloy of about 
equal magnitude to the iron loss. For tests at 10,000 to 15,000 Bmax. the 
switch was turned to left. The wattmeter shunt then received its 
energy from the winding on the iron. The amount of this loss could 
casily be calculated with precision from the voltmeter reading, and 
was deducted from the total losses. 

With stalloy at high densities the form factor of the reactive 
voltage departed considerably from sine value. At 15,000 Bmax. and 
5o periods it rose no less than 14 per cent. This was ascertained by 
connecting a direct-current voltmeter to the shunt winding on the 
iron through a rectifying commutator. The author has shown that the 
form factor can be brought back to sine value by adjustment of the 
wave form of the alternator,* and А. Campbell shows it can be corrected 
for by testing at two periodicities.] 

As, however, the departure of the form factor from sine value was 
the same for all practical purposes in all series of tests, it was not 
thought worth while to spend the time necessary for making the 
correction when so much more work remained to be accomplished. 

It may be objected that the voltmeter connected to the transformer 
did not correctly measure the reactive voltage in the magnetising 
winding. The series drop rose to a maximum of 4 per cent. of the 
impressed voltage for stalloy at 15,000 Bmx. and 25 periods. But 
then the power factor was so low, only about 0'035, that the difference 
between the impressed and reactive voltages was only o'2 per cent. 
The wattmeter was a reflecting instrument of the dynamometer 
type with bifilar suspension. It had ranges of 5, 10, 20, and up to 
1,000 watts. It was compensated for self-induction by means of con- 
densers shunting the non-inductive resistances. It has been ascer- 
tained from tests carried out on a non-ferrous transformer that the 
phase error on the extremely low power factor of o'or does not exceed 
I per cent. at 50 periods. 

Comparalive Tests: Lohys, o"o199 іп. thick.—This specimen which 
was the first tested was tested at 50 periods only. The results obtained 
are given in Table A, and the percentage differences found are given in 
Table B, and also in the form of curves in Fig. 5. 

In calculating the percentage differences the interleaved (rounded) 
method has been taken as the standard, partly because the results 


* Journal of the Institution of Electrical Engincers, vol. 44, p. 222, 1910. 
yournal of the Institution of Electrical Engineers, vol. 43. p. 553, 1909. 
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TABLE A. 


Lohys, o'o199 thick, at so Periods. 


(Watts per Pound.) 


Washington. Interleaved. 
Bmax. 
2 mm. Lap. 5 mm. Lap. Square Corners, | Rounded Corners. 

2'5 0'1615 O'I59 0'152 o'160 

50 0°5180 0'512 . 0'495 

75 1'0370 1°030 0'995 
IO'O I'7100 1'700 1:625 
12:5 2*5300 2°520 2°390 
I5'0 3'5000 3°490 3°320 

TABLE B. 


Lohys, o'o199 thick, at 50 Periods. 


(Percentage differences, taking interleaved with rounded corners 
as standard.) 


Washington. 

Bmax. Square Cored. 

2mm. Lap. 5 mm. Lap. 

2'5 0'94- o'6— 5'0— 

5'0 0'2— I'3— 46— 

75 o3= 10— 43— 
IO'O nil о'б— 5'0— 
12°5 06+ 02+ 5'0— 
15'0 03+ пі] 49— 


Average 0'254- 0'55— 48— 
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obtained by this method come out in an intermediate position, and 
partly because they appear to be the nearest to the true values. 

It will be noticed that the difference between the two interleaved 
methods averages 4:8 per cent. and is nearly constant throughout, such 
variations as were found appearing to be accidental. The difference in 
the two weights is 43 per cent. Rounding off the corners increased 
the watts by o'5 per cent. only. This suggests that very little flux 
entered the corners of the square. Increasing the lap from 2 to 5 mm 
with the Washington method increases the specific loss, after correc 
tion has been made for lap, byo'8 per cent. The difference is greater at 
low, and smaller at high densities. This difference indicates that the 
results are on the whole rather high, due to local increase of hysteresis 
caused by the cutting of the iron. The difference between the 
Washington and interleaved (rounded) methods is always under 1 per 
cent. Probably both give rather high results, the Washington duc to 
cutting and bending, the interleaved due to non-uniformity of flux and 
cutting. There is nothing to indicate that the Washington method 
leads to superior accuracy. 

Lohys, 0'0146 thick.—This specimen was tested at 25 and со periods. 
The results are given in Tables C and D and the percentage differences 
in Tables E and F, and as curves in Figs. 6 and 7. 

The iron was tested by the interleaved (square) method twice, both 
including and excluding the strips from which the corner-pieces for 
the Washington method were cut. Taking the average of these two 
sets of tests, it will be seen that the effect of rounding the corners is to 
raise the specific loss by 4:55 per cent. on the average. The difference 
is somewhat greater at 50 than at 25 periods and is greater at low than 
at high densities. It is rather difficult to interpret this variation. 

Increasing the Washington lap from 2 to 5 mm. increases the 
specific loss by о°3 per cent. on the average. Оп account!of the varia- 
tions at the various densities one cannot definitely say that cutting has 
had any appreciable effect on increasing the hysteresis loss. 

The Washington (2 mm.) results average 1:35 per cent. higher than 
the standard. This difference is greater at 25 than 50 periods, and 
rather indicates that it is due to an increase of hysteresis, probably due 
to bending. The difference is highest at high densities, and to this 
extent the results differ from those obtained with the thicker lohys. 
There is some indication that the interleaved (rounded) method gives 
high results at low densities due to non-uniformity of flux and the 
Washington method high results throughout, due not so much to 
cutting as to the bending of the corner-pieces. As before, there is no 
indication that the Washington method gives any superior accuracy, 
but if anything the other way about. 

Stalloy, o*0199 thick.—This specimen was tested at 50 periods only. 
The results obtained are given in Table G, the percentage differences 
in Table Н and graphically in Fig. 8. The effect of rounding off the 
corners with the interleaved method is to increase the specific loss by 
4'8 per cent. on the average, the same amount as for the thicker lohys. 
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TABLE C. 
Lohys, o'0146 thick, at 25 Periods. 
(Watts per Pound.) 
| Washington. Interleaved. 
Interleaved. 
Boa Square. ' туе | ш 
| 5mm. Lap. | 2 тт. Lap Square. | Rounded. 
2°5 0'0554 | 0°0585 | 0'0589 0'0553 0'0584 
о 0'1699 01792 | 01797 01705 | 01784 
75 03296 03440 | 0°3465 0°3305 | 0°3455 
IO'O 0°5380 0°5670 | 0°5680 0°5400 0'5620 
12°5 o'8100 | o'8690 | 0°8740 o'8120 0°8420 
15°0 11800 | 12760 | 1'2810 1`1770 I'2190 1 
TABLE D. 
Lohys, o'o146 thick, at 50 Periods. 
(Watts per Pound.) 
Washington. Interleaved. 
Bue: Interleaved. ; 
| 5mm. Lap 2 mm. Lap. Square. Rounded. 
2:5 0°1246 O'1315 O°1317 0'1246 0'1320 
5:0 0°4040 0°4220 0°4260 0°4040 0'4240 
| 75 07950 0°8260 0°8250 0°7940 0:8320 
i 1'2930 1'3540 I'3540 1'2950 1:3600 


VoL. 46. 


15 


2'0200 
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TABLE E, 
Lohys, o'146 thick, at 25 Periods. 


(Percentage differences, interleaved with rounded corners as 


standard.) 
Interleaved, Square. Washington. 
B max ———— — — — -| ——-— — 
1st Test. 2nd Test. 5 mm. Lap. 2 mm. Lap. 
2°5 5'1— 53— о2+ 09+ 
5'0 48— 44— 04+ 07+ 
7`5 46— 43— 0'4— 034 
| IO'O 43— 39— 0'94- + 
| az5 38— 36— 32+ 384 
| 
| 150 32— 34— 47+ 51+ 
La Average 43— 42— 5+ 20+ 
| 
TABLE F. 


Lohys, o'0146 thick, at so Periods. 


(Percentage differences, interleaved with rounded corners as 


standard.) 
Interleaved, Squarc. Washington. | 
Bmax. m | ee ee 
ist Test. 2nd Test. 5 mm. Lap. | 2 mm. Lap. 
2:5 5 6— 36— 0'4— | 0'2— | 
| 
50 47— duse. 4 ees | 05+ 
з | 4s | oss 1 om (| ов 
| 
IO'O 49— 48— | 04— | | 
12°5 48— 45— | 23+ | | 
! | 
1570 47— 45— 36+ | 
Average 49— 48— | 06+ | 
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TABLE G. 
Stalloy, o'o199 thick, at so Periods. 
(Watts per Pound.) 


| Washington. | Interleaved. 
Вы) а а —- 
2 тт. Lap. 5 mm. Lap. Square. | Rounded. 
кыа er 2. 
| 
| 2°5 0°0845 o'0825 j 05075 0'079 
| 
| 50 о'268о | 0°2620 0'239 0'252 
75 05240 | озб |  oug2 0'493 
| i 
| IO'O o'8540 | o'8410  , 0767 0°804 
| . 
| 12°5 1°2500 | 1'2320 | 1'133 1'190 
| 150 1°8000 | 17800 ` 1'650 1'730 | 
TABLE Н. 


Stalloy, o'o199 thick, at 50 Periods. 


(Percentage differences, interleaved with rounded corners as 


standard.) 
Be oe Washington. | 
н Interleaved. 
Bmax. Square. aaa ШУ оа ы шз, Сай 
5 mm. Lap | 2 mm. Lap. 
2°5 51— 424 | 70+ 
5:0 52— | 4'04- 64+ 
75 43— | 47 63+ 
10°0 4°6— | 46+ 6:24- 
12'5 48— | 35T | 5'04- 
| 15'0 46— | 29+ 4'04- 
| Average 48— | 404 : 58+ 
| 
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The variation of this difference at various densities is very small, but 
shows an inclination to decrease with increase of flux With the 
Washington method, increasing the lap from 2 to 5 mm., decreases 
the average loss by r8 per cent. The difference is greatest at low 
densities. This may betaken as sure proof that the cutting of the 
corner-pieces has so increased hysteresis locally as to vitiate the results. 

The Washington (2 mm.) method gives results on the average 
5:8 higher than the interleaved (rounded) method. The difference is 
highest at low densities. If the cutting of the iron has increased the 
hysteresis with the Washington method it seems probable that it has 
also acted in the same way with the interleaved (rounded) method. 
In this case, however, the length of cut is less and it is probable that at 
moderate densities the cut portion carries but little flux. 
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It appears quite certain that the interleaved (rounded) method gives 
high results at all densities. The Washington method which gives still 
higher results must therefore be considerably more inaccurate. 

Stalloy, o*0139 thick.—This sample was tested at 25 and 50 periods. 
The results are given in Tables I and J, and the percentage differ- 
ences in Tables K and L, and graphically in Figs. 9 and 10. 

Between the first and second interleaved (square) tests there is an 
average difference of 0:85 per cent. This indicates that the strips used 
for making the Washington corner-pieces differed considerably from 
the bulk of the iron initially. This must be borne in mind in making 
comparisons. 

The difference between the second interleaved (square) tests and 
the interleaved (rounded) tests averages 4°7 per cent., and there is very 
little variation throughout. 

Increasing the lap in the Washington method from 2 to 5 mm. 
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TABLE I. 
Slalloy, 0°0139 thick, at 25 Periods. 
(Watts per Pound.) 


Washington. Interleaved. 


B Interleaved. а ees 
max Square. l | 


2 mm. Lap. | 5 mm. Lap. рен Square. | Rounded. 


| 
2'5 | 002455 00264 002595 002555 | 0'0243 | e'ozss | 
5:0 | 007850 о'о850 0°08400 o'08280 | 0°0775 | 0'0815 | 
7'5 015720 01703 0°16880 o'16600 | o'1550 | 0'1634 
IOO | 023200 02770 027550 0'27200 | 02500 | 02620 | 
I25 | 037500 | 0'4220 0'41800 0'41200 | 0'3720 | 0'3910 | 
IS'O | 0'52900 | 0'5990 0'60000 0'39100 | 0'5250 | 0°5520 


TABLE J. 
Stalloy, o'0139 thick, at 50 Periods. 
(Watts per Pound.) 


Washington. Interleaved. 
B Interleaved. 
Ба Б 2 mm. La 
2 mm. Lap. | 5 mm. Lap. (Annealed). Square. Rounded. 
2'5 | 00525 0'0516 O'O5Ó1 |! 0'0555 0°0522 00548 


зо | 0'1708 | o1850 01830 o' 1805 0'1695 01783 
75 | 03430 | 03700 073660 073620 0'3400 03565 
IOO | 05580 | 0°6060 0'6000 0° 5990 0°5540 0'5790 
I25 | 08390 | 09240 0°9200 0'9160 0°8280 08660 
1570 | 171750 | I'3100 1'3070 I'3010 I'1600 1'2190 


TABLE К. 
Stalloy, 0°0136 thick, at 25 Periods. 


(Percentage differences, interleaved, with rounded corners as 


standard.) 
Interleaved, Square. | Washington. 
Bmax. | =: = 
Ist Test. and Test. 2 mm. Lap. 5 mm. Lap. У рет 
| E REN ү 
TS | 37— | 47— | 35+ ^ r64 02+ 
59 | 3/7 49— | 3+ | 314 6+ 
7`5 38— S'1— | 424 | 33+ 6+ 
' 
ud Bos 46— 57+ | 52+ 38+ 
12°5 41— 49— 74+ | 69+ 54+ 
| 
150 42 49— | 85+ 87-4 71+ 
Average | 39— | 48— | 36+ | 48+ | 33+ 
TABLE L. 


Slalloy, o'o136 thick, at 50 Periods. 


(Percentage differences, interleaved, with rounded corners as 


standard.) 
PRU Interleaved, Square. a с" 
Boa. VENE MN 
1st Test. and Test. | 2mm.Lap. | 5mm. Lap. (Апрел), 

2'5 42— 47— 33+ 24+ UST 
50 42— 49— 38+ 26+ 1°24 
7'5 38— 46— - 384- 2'7+ 15+ 
IO'O 36— 43— 47+ 364 35+ 
128 31— 44— 67+ 62-4 58+ 
15`0 36— 48— 75+ 72+ | 674 
| 33+ 


| Average 38— 46— 50+ &1+ f 
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reduces the average loss by 0:85 per cent., as against r'8 per cent. for 
the thicker stalloy. Cutting therefore increases the loss, but not to 
such an extent as with the thicker material. 

After making these two tests by the Washington method the corner- 
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pieces were partially annealed. Annealing is a tricky process, and the 
results obtained depend very much upon the temperature obtained and 
the rate of cooling. Probably only the makers really know how stalloy 
should be annealed. It is therefore very likely that the method of 
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annealing adopted, though reducing the hysteresis loss somewhat, did 
not bring it nearly down to its original value. Annealing brought down 
the loss by 2'о per cent. on the average, the effect being greater at 
25 than 50 periods, and greater at low than high densities. 

The Washington (2 mm.) method gives results on the average 
5:3 per cent. higher than the standard, as against 5:8 per cent. with the 
thicker material. It would appear that the thinner material is on the 
whole rather less affected than the thicker by the cutting. It should 
be noticed, however, that whilst the thicker material shows the greatest 
difference at low densities, the thinner material comes out highest at 
high densities. 

General Conclusions.—There appear to be two general conclusions 
that may be arrived at from these tests with a considerable degree of 
certainty. Firstly, the Washington method is quite unsuitable for 
stalloy and is of rather doubtful utility for lohys. Secondly, if it 
should be decided that the interleaved method with rounded corners is 
the most accurate, it is hardly necessary to trouble about cutting the 
corners round. If the amount of waste material at the corners is 
deducted from the gross weight, the results obtained will not differ by 
more than 1 per cent. from the results that would have been obtained 
had the corners been rounded. 

It appears to the author that the interleaved method is still the best 
method of testing transformer iron available. It is generally agreed 
that if accurate results are to be obtained the strips must be annealed 
after being cut, and this can only properly be done by the manufacturer. 
There is no special virtue, then, in using wide strips. Strips, say, 10 X І 
would be in many ways preferable to strips 2 in. wide. Corner effects 
would be reduced by one-half, and, with the same area of iron, the 
length per turn in the magnetising coil would be reduced, thus reducing 
the C R drop and improving the form factor. 
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Proceedings of the Five Hundred and Twelfth 
Ordinary General Meeting of the [Institution 
of Electrical Engineers, held on Thursday, 
December 8, 1910— Mr. S. Z. DE FERRANTI, 
President, in the chair. 


'The minutes of the Ordinary General Meeting held on November 24, 
I9IO, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 


Samuel Irwin Crookes. John F. Jones. 
Ricbard John M. Holmes. Harry Richmond Mott. 


From the class of Associates to that of Members— 
Joseph Clarke. 


From the class of Students to that of Associate Members— 
John Edward Catt. Charles E. Greenslade. 
Eustace Jonathan Down. Thomas Saumarez Lacy. 
Walter H. Edridge. Leonard Solomon, 

. Kenneth Younghusband, 

VoL. 40. 10 
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Donations to the Library were announced as having been received 
since the last meeting from E. W. Cowan, Justus Eck, Messrs. Gauthier- 
Villars, Lady Kelvin, Sir J. Larmor, The National Electric Light Asso- 
ciation, Professor E. Mascart, Messrs. S. Rentell & Co., Ltd. ; and to 
the Benevolent Fund from S. E. Britton, to whom the thanks of the 
meeting were duly accorded. 

The following paper, “The Magnetic Properties of Iron and its 
Alloys in Intense Fields," by Sir Robert A. Hadfield, F.R.S., and 
Professor B. Hopkinson, F.R.S., Members (page 235), was read and 
discussed. 
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THE MAGNETIC PROPERTIES OF IRON AND 
ITS ALLOYS IN INTENSE FIELDS. 


By Sir ROBERT A. HADFIELD, F.R.S., and Professor 
B. HOPKINSON, F.R.S., Members. 


(Paper first received, August 17, 1910, and received in final form, February 11, 
1911. Read before THE INSTITUTION December 8, 1910.) 


The magnetic properties. of materials in fields of very high: 
density are of great scientific interest because the relation between 
B and H which, in the moderate fields employed in practice, or in 
the ordinary methods of testing, is so complicated and dependent upon 
so many variables as to defy analysis, then assumes a very simple form. 
According to the molecular theory of magnetism, as developed by 
Ewing, the force which opposes the tendency of the magnetic 
molecules to set themselves in the direction of an externally applied 
magnetic force is that due to their mutual magnetic actions upon one 
another. The system of forces caused by these interactions plays 
a large part in determining the molecular configuration assumed under 
moderate magnetic forces, and this system is dependent upon the 
previous history of the material, on stress, temperature, and .on other 
physical conditions. The molecular theory, while it can give a good 
account of the general behaviour of the material under moderate 
forces, clearly forbids us to expect that the magnetic properties under 
such conditions can be quantitatively expressed in simple terms. On 
the other hand, it predicts equally clearly that if the externally applied 
force be so great as completely to swamp the effects of the mutual 
interactions, the magnetic properties will become very simple. Practi- 
cally the whole of the magnetic molecules then set themselves in the 
direction of the magnetising force, without regard to their mutual 
actions. The relation between B and H becomes— 


В=Н+4я1; 


where І, іп the terms of the theory, is the sum of the magnetic 
moments of the molecular magnets contained in unit of volume. 
If it can be assumed that the moment of a molecular magnet 
is unaffected by the magnetic forces to which it is subjected, the 
quantity I, in the above equation, is a constant so far as variations 
of H are concerned, though it might still be affected by temperature 
and any other physical conditions which can affect the properties 
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of a separate molecule. The experiments of Ewing and Low * and of 
Du Bois + show that in iron, nickel and cobalt and some alloys, B does 
in fact exceed H by a nearly constant amount when H lies between 
about 2,000 and 25,000 C.G.S. units. These experiments, while they do 
not negative the possibility of some dependence of the molecular 
magnetic moment on the external force, give strong grounds for 
supposing that, at any rate in the materials referred to, the mutual 
attractions between the molecules are almost completely overpowered 
by a force of 2,000 C.G.S. units, and that if the force is not more than 
25,000 the magnetic moments of the molecules are unaltered by it. 
The saturation value of 4 I, the constant quantity by which B exceeds 
H within these limits of the latter quantity is then as definite a physical 
constant for the material as is the density. Like the density, it may 
possibly vary with temperature and other physical conditions, but it 
will probably be unaffected by any change which merely alters the 
relation of the molecules to one another, and does not alter the internal 
arrangements of separate molecules. The saturation value of I, express- 
ing as it does the quantity of magnetisable matter in the material, must 
be regarded as a fundamental magnetisation constant. We propose to 
call this constant the “magnetism” of the material; or where any 
confusion can arise with other uses of the word, the “specific magne- 
tism." It appeared that an examination of a series of alloys of iron 
with carbon and with other metals in fields of very high intensity 
might lead to results from which some general deductions could be 
drawn, not only as to magnetic properties, but also as to the constitu- 
tion of these bodies. The great advantage of the method for this 
purpose lies in the fact that the saturation value of 4 x I in a material 
consisting of a mixture of substances, is dependent only upon the 
relative proportions and оп the magnetic properties of the several 
constituents separately, and not on their arrangement in the mass. 

Most steels consist of such a mixture of constituents, the arrange- 
ment of which is an important factor in the results of magnetic 
testing of the ordinary kind. The arrangement of the constituents as 
revealed by the microstructure is dependent upon a great variety of 
circumstances, and this makes it hopeless to look for any simple 
quantitative relation between the magnetic properties of an alloy as 
ordinarily tested and its composition. When the alloy is saturated, 
however, this complication disappears. Let it be supposed that the 
magnetic‘moments of the molecules of the several constituents present 
are respectively pı р, p, and that the numbers of these molecules per 
unit voiume of the material are respectively n,, na n, ... Then, if Н be 
above the saturation valuc, but not so large as to affect p, pa we 
have— 

[== п, prt п, р. +. 


The same result may be expressed without using the language of 


* Philosophical Transactions, A, vol. 180, p. 221, 1889. 
t Philosophical Magazine, vol. 29. о. 293, 1890. 
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the molecular theory if it be supposed that the magnetisms of the 
several constituents are I, І,... per unit of mass, and that m, m,... 
are the masses of the several constituents present per unit mass of the 
mixture. In that case— 


T=m,3,+m,I,¢+..... 6... (X) 


This relation is not dependent upon any molecular theory of 
magnetisation, but only on the assumptions that there are definite con- 
stituents which are mechanically mixed, and that for each there is a 
definite saturation value of I. 

The material for the research was at hand in the form of a series of 
alloys prepared at the Hecla works. The alloys have already been the 
subject of extensive investigation, and many of their physical pro- 
perties аге known. In particular, magnetic tests by the magnetometer 
method have been carried out on many of them, the force used ranging 
up to до C.G.S.* In composition the alloys cover a wide range, 
including iron-carbon stecls, nickel steels, and manganese steels, with 
varying proportions of the added elements. 


SUMMARY OF RESULTs. 


The following are the most important results obtained from the 
work so far as it has progressed at present :— 

1. Every alloy examined, without exception, has a definite saturation 
intensity of magnetisation. In most cases this is reached in a field of 
5,000 units, but in a few therc is a small increase, as between 5,000 and 
25,000. The forms of the curves of magnetisation connecting I and H 
in these exceptional materials, however, leave no doubt of the existence 
in them also of a saturation value of I. Every one of the materials 
tested, without exception, behaves as though it consisted of a mixture 
of magnetic substances with non-magnetic substances having a per- 
meability not differing materially from unity. This holds good also for 
the non-magnetic or nearly non-magnetic nickel or manganese alloys, 
and, in this respect, our results differ from those obtained by Ewing 
and Low-—according to whose experiments a nearly non-magnetic 
manganese steel had a constant permeability of about 1'4. Among all 
the alloys which we have tested there is none having a constant 
permeability differing from unity by more than 2 per cent. 

2. There is in the series no alloy having a higher specific magnetism 
than pure iron. 

3. The saturation value of I in absolute units for pure iron of density 
7`8о is 1,680 within 1 per cent. This is slightly lower than the values 
obtained by Ewing and Low and other experimenters. 

4. In an annealed iron carbon stcel in which other elements arc 
present in small proportions the specific magnetism is less than that of 
pure iron by a percentage equal to six times the percentage of carbon. 


* Barrett, Brown, and Hadhield, Proceedings of the Institution of Electrical Engineers, 
vol. 31, p. 674, 1902. 
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This result constitutes a verification, in the case of annealed iron- 
carbon alloys of the linear relation (1) above connecting the magnetism 
of a mixture with the magnetisms of its constituents. In this case there 
are two constituents, mechanically mixed, viz., pure iron and iron- 
carbide, the percentage of iron-carbide being 15:5 times that of the 
carbon in the steel. It is readily deduced from equation (1) that the 
magnetism of carbide of iron is about two-thirds of that of pure iron. 

5. Quenching an iron-carbon alloy from a high temperature reduces 
the specific magnetism by a large but somewhat uncertain amount. 

6. The addition of silicon or aluminium to iron results in a reduction 
in specific magnetism which is roughly in proportion to the amount 
added as though the addition behaved as an inert diluent. If carbon 
be present, however, silicon seems to neutralise its action to some 
extent. For instance, an alloy containing 2:28 Si and 0°67 C is 36 per 
cent. less magnetic than pure iron, whereas if the carbon had its 
full effect as in iron-carbon alloys, and the silicon were simply an inert 
diluent the reduction would be 6:3 per cent. 

7. The observations on the alloys of iron with nickel and with 
manganese, or with both these elements, have failed to reveal any 
simple relation between their magnetism and their composition. It is 
probable that this is due to the peculiar effects of heat treatment on 
these substances. When thesc effects are sufficiently known it may be 
possible to apply to the manganese and nickel alloys the same kind of 
magnetic analysis as we have applied to the carbon steels. 


THE ELECTROMAGNETS. 


The general dimensions of the magnet on which most of the tests 
were made are shown in Fig. 1. The vertical limbs are of rectangular 
section, 10 cmm. by 20 cm. "The pole-pieces are cylindrical and are 
made a good fit in holes at the top of the vertical limbs, so that they 
can slide axially, and be clamped in any position by means of set- 
screws. The yoke is wound with about r,6oo turns and cach pole- 
piece with about 400 turns of No. 14 S. W.G. wire. 

For producing the highest fields the magnet was fitted with the pair 
of pole-pieces shown in place in Fig. 1. With the tips of these 2 in. 
apart, and with a current of 30 amperes passing in the coils of the 
magnet, the two parts of which were placed in parallel, a field of about 
22,000 C.G.S. could be obtained in the space between the flat ends of 
the pole-pieces. The distribution of the field was determined by 
means of concentric annular test coils and was found to be constant 
within 1 per cent. over a circle of 2:5 mm. radius. By increasing the 
current to 60 amperes, which, however, could only be kept on for a 
short time, the intensity of the field could be increased to 25,000 C.G.S. 

Lower fields ranging up to 10,000 C.G.S. were obtained by replacing 
the conical pole-pieces, shown in Fig. 1, by a pair of flat pole-pieces 
having flat faces 1 in. square. With these placed { in. apart with their 
faces parallel a uniform field of about 7,000 C.G.S. was produced 
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over an area 20 mm. square with a current of 5 amperes in the magnet 
coils. 

The material was for the most part in the form of rods about 5 mm. 
diameter. In most cases it was rolled into this form, but a few pieces 
were forged or cast. The magnetic test-pieces were turned down from 
these rods into little cylinders à in. diameter. They were, in most 
cases, ł in. long. The same testing coil was used for all the pieces. 
It consisted of sixteen turns of No. 38 wire (diameter over insulation 
0:057 mm.) wound on a brass bobbin which just fitted over the test- 
piece. А second coil also of sixteen turns was wound outside the first 
with a layer of paper between the surfaces, to measure the magnetising 
force in the neighbourhood of the specimen. As it was not possible 
to make sufficiently accurate measurements of the dimensions of such 


ii ini | 


ШИ ИЩ ШИШИШИ 


| Н!!! 
Il | | ШШ НН ! 
р раа 
Il | | ||!!! | IM MM 
TM TUTTO MI Il 


ҮҮ! ШШ RP 
ii | 


0246810 


Y centimetres. 
FIG. I. 


small coils, the effective areas were determined by magnetic measure- 
ments. The flat pole-pieces were fixed in position about 1 in. apart, 
and a coil of twelve turns wound on a brass former about 15 mm. 
diameter was inserted between them. The fling obtained when this 
coil connected to the ballistic galvanometer and a current of about 
S amperes reversed in the magnet coils, was observed. The test coil 
was then inserted and connected to the galvanometer and the fling 
again taken with exactly the same exciting current. The area of the 
larger coil could be accurately calculated from its dimensions, and that 
of the smaller deduced from the ratio of the flings after reducing them 
to the same resistance in the galvanometer circuit. Ап enlarged 
section of the specimen, bobbin, and coils when in place is shown in 
Fig. 2. 

E rhe galvanometer used in most of the tests was of the moving coil 
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type made by Nalder Bros., and had a period of about 15 seconds. A 
full account of its calibration is given in Appendix I. 

In order that the ballistic galvanometer may correctly record the 
flux change in a coil connected to it, it is necessary that that change 
should be substantially complete within a period which is small com- 
pared with the natural period of oscillation of the galvanometer. In our 
experiments the flux change was caused by the reversal of the current 
in the coils of the magnet, and was considerably retarded by the effects 
of eddy currents and of self-induction. With the flat pole-pieces 
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and a currentjof 5 ampercs, 5 per cent. of the flux change had still to 
be completed at the end of 2 seconds. The effect of this was fully 
investigated, and it was found that while measurements of the absolute 
value of the flux density based on the moving-coil galvanometer might 
be subject to an error of several per cent., this error did not materially 
affect the determination of I. This matter is discussed in detail in 
Appendix II. ; it will suffice to say here that the results obtained with 
the moving-coil galvanometer were checked by comparison with 
similar measurements on a suspended magnet instrument (Broca type, 
made by Cambridge Scientific Instrument Company) of much longer 
period (about 30 seconds.) Measurements of I for the same piece of 
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iron obtained with this galvanometer agreed within 4 per cent. with 
those given by the shorter period instrument.* 

In making a test the pole-pieces were gently butted up to the ends 
of the test-piece and fixed in position. The testing coil was first 
inserted with a brass dummy in place of the test-piece, the current in 
the magnet coils was reversed, and the fling observed on the ballistic 
galvanometer which was connected to the inner coil. The brass piece 
was then replaced by the iron test-piece, the current again reversed— 
care bcing taken that it should have exactly the same strength as before 
—and the fling again observed. 

Let— 


S' be the area of the testing coil. 

S the area of the test-piece, multiplied by the number of turns 
in the coil—in this case 16. 

I the intensity of magnetisation in the test-piece. 

H the value of the magnctising force before the test.piece is 
inserted. 

H'the value of the magnetising force after the test-piece is 
inserted. | 


Then the flux-change corresponding to thc fling obtained with the 
brass dummy is H S', and that corresponding to the fling obtained with 
the test-piece is Н’ 5 +4 т IS. The difference D of the two flings 
will therefore, on the same scale, represent— 


471S — (H Н’) 5. 


Since the current and the distance between the pole-pieces is 
exactly the same whether the dummy or the test-piece Ье in position, 
the magnetising force will be the same except in so far as it is disturbed 
by the introduction of the test-piece. The disturbance so produced is 
nearly proportional to 4 т1 5. Ultimately, therefore, the difference of 
the two flings is proportional to 4r IS and the values of I for two 
ditterent specimens are in proportion to these differences. This 
comparison is, to a high degree of accuracy, independent of any know- 
ledge of the correction H — H', and the comparison of I for two 
specimens based upon it docs not involve any accurate knowledge of 
the area S' of the testing coil, but only a knowledge of the area of the 
test-piece. The latter can be accurately measured, and it is probable 
that the ratio of the inagnetisms of two steels can be measured by this 
method with an accuracy of one part in two hundred. 

For determining the absolute value of I, however, it is necessary 
to obtain the absolute value of H — H', the reduction of the mag- 
netising force caused by the introduction of the piece. This was found 
to be comparatively small in the low fields obtained with flat pole- 

* Added February 10, 1911. Since writing the paper this has been further con- 


firmed by comparison of the effect of reversal with that of withdrawing the piece from 
the field. The two methods agree w.thin à per cent. 
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pieces, but is of serious amount when the conical pole-pieces are used, 
and a good deal of time was devoted to its determination. The effect 
of the introduction of the test-piece upon the distribution of magnetic 
matter which determines the magnetising force is confined to the 
immediate neighbourhood of the ends of the test-piece, and consists in 
the addition of a volume and surface distribution of magnetisation 
in that neighbourhood. ‘This additional distribution consists of three 
parts, that is :— 

I. Over the circular patch covered by the end of the test-piece the 
surface magnetisation disappears; which may be represented by sup- 
posing that there is an additional distribution of density + I over this 
patch which annuls the density += I present before the test-piece was 
inserted. 

2. There will be a volume density of magnetisation just under each 
end of the test-piece, and within the conical pole-pieces due to the 
spreading of the lines of induction in the latter after they emerge from 
the test-piece. The general effect of this will be opposite to that of 
No. r, and is probably nearly equivalent to that of a surface distribu- 
tion of magnetism of uniform density over the circular patch. 

3. The fringing of the lines of induction at the end of the test-piece 
gives rise to a surface distribution on the cylindrical surface of the 
latter near to the end, and associated with this there is a diminution in 
the surface density in an annulus on the flat face of the pole-piece near 
to the specimen, where the fringing lines re-enter the iron. 

Of these three additions, Nos. 1 and 2 are probably the most 
important, and the general effect of all may be represented with a 
considerable degree of accuracy as being the same as that of two 
circular patches of magnetism of uniform density on the parts of the 
pole-faces covered by the test-piece. И is easy to calculate the 
magnetic effect of two such patches in any coil of given dimensions,* 
and by measuring the absolute amount of the diminution of flux in the 
annular space between two coils surrounding the iron specimen pro- 
duced by the introduction of the specimen, the appropriate density of 
magnetisation can be determined. For this purpose two testing coils 
were used ; опе (A) has already been described апа is figured in Fig. 2. 
In the other coil (B) as in coil A there were 16 turns on the inner 
winding and 1б turns on the other, so that by placing these windings 
in opposition the flux in the annular space between them could be 
determined. The inner winding B was wound on a former of the 
same size as the specimen, and the outer on an ebonite bobbin which 
was just large enough to be slipped over the inner coil on its former. 
The former was then withdrawn so that the iron test-piece could be 
inserted. It will be seen that in coil B the inner winding is very much 
closer to the specimen, and that a larger average effect will be pro- 
duced in the annulus than in the case of coil A. It was found that the 
reduction in magnetising force in the annulus of either coil was very 
closely the same as that which would be caused by a patch of mag- 

* See Appendix III, 
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netism of density +o'8 I on each end of the test-piece. The experi- 
ment consisted simply in keeping the position of the magnet-poles 
fixed, exciting the coils with a current of about 30 amperes, and 
observing the fling produced by reversal first with a brass dummy, 
and secondly with a piece of Low Moor iron in position. The experi- 
ment was repeated a great number of times, brass and iron being 
inserted alternately in order to eliminate accidental differences between 
the conditions with and without the iron test-piece. The following 
table shows the average results which are certainly correct within half 
a division, together with the differences calculated on the above sup- 
position that they are due to two patches of magnetism of density 
+o°8 I. 
Reduction of Fling 


in Annulus Coil. Correction on D. 

A B A B 
Observed sii “з 91 15} — — 
Calculated Е iis 0) . 14} 204 154 


In the same table are shown the corrections which must be applied 
in the case of each coil to Dwhich is the increase in the fling due to 
the inner coil when iron is introduced in place of the dummy. These 
corrections are equivalent to the quantity (Н — H’),S’, and when added 
to the observed value of D give the fling corresponding to 4 x IS for the 
specimen. In the case of the piece used in this experiment, the value 
of D with coil A was 121 divisions, and with coil B 124 divisions, so 
that the corrected values of the fling would be 1414 and 1394 respec- 
tively. These, of course, ought to be the same, and for finally calcu- 
lating the correction it has been assumed that the true value of 4r IS 
is 1404 for this piece. ‘The correction to be applied with coil A is then 
19} divisions or 13:9 per cent. of 4r IS. In other words, the observed 
Hing must be multiplied by 1°16 in order to arrive at the fling corrected 
for end effect. 

'The above calculation of the correction for end effect is based on 
the assumption that it may be regarded as due to a uniform distribu- 
tion over the two circular ends of the specimen. This, of course, is not 
quite accurate, but that it is not far from the truth is shown by the fact 
that the surface density which must be assumed in order to account for 
the observed changes in H is four-fifths of I, from which it appears 
that the most important term in the added distribution is that due to 
the blotting out of the magnetism on the parts of the surface covered 
by the test-piece, and for this part, of course, the assumption of uniform 
distribution is very close. "That the manner of distribution of the 
magnetism does not make a great difference in the result, however, can 
be shown by taking an alternative, but probably much less accurate, 
assumption, namely, that the whole of the added magnetism may be 
supposed to be concentrated at the centre of the circular patch. In 
that case the differences to be expected in the annulus coils À and B 
and the corresponding corrections to be added to D as determined 
from these coils are as follows :— 
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Reduction of Fling 


in Annulus E коео on D: 
Calculated aes see 91 134 234 183 
Observed T . Ot 15$ — — 


The values of дт I S obtained by applying this correction would bc 
144} and 1424 respectively, the mean being 143} as against 140} when 
the correction is calculated on the assumption of uniform distribution. 
It seems probable that the latter assumption leads to a value of 4 I S, 
which is within 1 per cent. of the truth. The fact that the correction 
is four-fifths of that produced by the patches of magnetism on the ends 
of the test-pieces, shows that it must be closely proportional to the 
values of 4 r IS, and a correcting factor 1°16 has been applied for all the 
specimens. 

In the case of the lower fields obtained with the flat pole-pieces thc 
correction for the ends can be determined by direct experiment. In 
this case it may be regarded as equivalent to an addition to the length 
of the test-piece due to the fact that the pole-pieces, which before the 
introduction of the test-piece arc but slightly magnetised (the maximum 
flux density under these conditions is 10,000 C.G.S.) become fully 
saturated over a short distance within the metal just under the parts 
covered by the ends of the test-piece. The joints between the test- 
piece and the pole-pieces slightly increase this effect. In order to 
determine the amount of the correction in this case the following 
experiment was made. Two pieces of Low Moor iron were turned up, 
each 14 in. long and j in. in diameter. The value of D was determined 
for each of these pieces, the pole-pieces being separated by a distance 
of 1j in. to admit it and the current in the magnet coils being increased 
to about 30 amperes, which gave a field of about 5,000 C.G.S. when 
the piece was not there. The middle, & in. of the piece, was then 
cut out and the value of D again determined for the shortened piece. 
Finally the length of this piece was reduced to ł in., being the central 
quarter of the original 14 in., and the value of D determined for this 
short length. The magnet current was adjusted in each case to give 
H about 5,000 C.G.S. "The results are shown in the following table :— 


Length of Picce :— 14 in. Bin. } in. 
Fling D | 15{ piece ec 2304 229 227 
2nd piece «ue 232 231] - 229$ 


from which it appears that the value of D for a piece r4 in. long is 
about 14 per cent. greater than for a picce } in. long. For an infinitely 
long piece, in which the end effects would be absent, the difference 
would be rather under 2 per cent. This is the correction which has 
been applied in all cases to tests in the low fields. 

In the first series of systematic tests of the alloys the value of H’, the 
magnetising force within the piece, was determined by measuring the 
flux density in the annular space between the two layers of the coil. 
This was the method adopted by Ewing and Low, who measured the 
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flux density in an annular space surrounding the neck of the piece and 
assumed that it was the same as that in the piece. In their case, at any 
rate when using highly magnetic materials, the assumption was prob- 
ably nearly correct, for the pole-pieces were so shaped as to give a 
very uniform field with the iron specimen in place. We, at first, made 
a similar assumption, but the investigation which is outlined above 
shows that it is not in accord with the facts when applied to the intense 
fields produced by our conical pole-pieces. The field in the annulus is 
diminished by the insertion of the test-piece owing to the influence of 
the circular patches of magnetism, but it is not diminished so much as 
is the magnetising force in the centre of the iron. Calculated on the 
above assumption that the end effect may be represented as due to two 
circular: patches of magnetisation on the ends of the piece of density 
+ 0*8 I, the diminution in the average magnetising force in the annulus 
amounts to 0:047 X 47I. If, therefore, Н’ (the average value of the 
axial component of magnetising force over the area of the inner coil) 
be assumed to be reduced in the same proportion as the magnetic force 
in the annulus, the correction (H — H^) S' will amount to— 


0'047 X 4TIS х Ы = 0:079 X 4 * I S, 
whereas it should be 0'139 x 4* IS. Thus the value of 4 «IS will be 
underestimated by 6 per cent. if H' be taken as given by the field in 
the annulus. 

When the flat pole-pieces and more moderate fields are used, there 
is also a slight reduction in the annulus field when the piece is inserted. 
This was found by experiment to amount to about 555 of 4 x I S with 
a piece } in. long and a field of about 7,000 C.G.S. Here again the 
value of H' is rather less in the iron than in the annulus ; a correction 
of 14 per cent. has still to be added to the estimate of 4 r I S based on 
the assumption that the magnetising force is the same in the annulus as 
in the test-piece. 

At a later stage in the research another magnet was brought into 
use. The limbs and ycke of this instrument were formed of transformer 
plates, insulated by sheets of paper, the section of the iron being 
32 Sq. cm. They were wound with two coils of 2,200 turns each 
No. 18 S.W.G. copper wire. The pole-pieces were solid and of 
Low Moor iron, and had flat opposed faces 3:8 cm. in diameter. 
Two testing coils were used, each consisting of 16 turns of No. 30 
S.W.G. copper wire wound on a thin brass tube. The two coils were 
connected together with their axes parallel. The areas of these coils 
were adjusted to exact equality, which could be tested by connecting 
them in series and in opposition between the parallel faces of the 
magnet poles and reversing the current. They were used differentially, 
the piece to be tested being inserted in one of the coils. The fling 
in the galvanometer is then proportional to 4 x I S for the piece, subject, 
however, to the end correction. The special advantage of this method 
is that the magnetising force H is automatically deducted from the 


246 HADFIELD AND HOPKINSON: (Dec. 8th, 


observed B at the moment of measurement, instead of being deter- 
mined in a separate experiment. This is of especial importance where 
it is desired to test an alloy which is nearly non-magnetic. It was 
easy in this way to detect magnetism amounting to less than 48s part 
of that of pure iron and to measure the magnetism of a nearly non- 
magnetic alloy to within that amount. In some cases where it is 
desired to test an alloy which is highly magnetic, a standard piece of 
pure iron can be put in the other coil ; the difference between the 
magnetism of the alloy and that of pure iron is then measured directly 
by the galvanometer fling. The galvanometer can be calibrated at 


by 


Ы 
A 
| 
[| 
[| 
[| 
[| 
{ 

1 
| 
H 
1 
СЕЕ +15 

Qu 

һм 


FiG 3. 


any moment by taking a fling with the pure iron standard against air, 
and the magnetisms of the other pieces then reduced to percentages of 
that of pure iron. 

In what follows this magnet will be called the * small" magnet to 
distinguish it from the “large” magnet described above, with which 
most of the experiments were made. 


THE EFFECT OF FIELD STRENGTH ON THE VALUE OF I. 


The value of I was determined with the large magnet for every one 
of the alloys in a field of about 8,000 C.G.S., and also in a field of over 
20,000 C.G.S. Particulars of these measurements are given later, but 
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it will be convenient here to give details of some trials which were 
made with the special object of finding how nearly I could be regarded 
as constant. These trials may be regarded as typical of all the tests, 
and the figures (which are given in full) will convey some idea of the 
order of accuracy attained and of the method of reduction. 

It should be explained that when the highest current (бо amperes) 
was used, the ordinary method of complete reversal was not available 
because the magnet coils heated too much while the galvanometer 
needle was being steadied preparatory to reversal. The reversal was 


Trial of Low Moor IV. by BH, Fune 27, 1907. 


Nalder galvanometer ; period, 15:35 seconds. Constant, k = 3°74 X 1077. 
Additional resistance, 4 ohms. Total resistance of galvanometer 
circuit, 8:24 ohms. Galvanometer constant, 198.* Conical pole- 
pieces, } in. apart; current, 60 amperes. 


Test-piece. C dc | Arb QUAD. Total. D. 
Brass  ... má 1394 143 2824 . 
| 1134 
Iron TA 223 1401 2554 3961 
Brass  ... bus 1382 1424 281} | 
115 
Iron  ... en 140} 256 3961 
Mean value of D  ... A II4'6 


Value of D corrected for end effects 114'6 x 1'16 = 133. 


therefore performed in two parts. Fig 3 shows diagrammatically the 
cyclical changes of H, and of the flux in the testing coil 
(HS' + 4271S), when it encloses an iron specimen and the current is 
varied between +60 amperes. After two or three preliminary rever- 
sals, the current was broken, leaving a residual magnetising force 
represented by OA. The galvanometer coil was then brought to rest 
with the circuit closed and the reversing switch thrown over. The 
current was then made, bringing H to the point B, and the correspond- 
ing fling observed. This corresponds to flux change A’ Б in the piece. 
The galvanometer circuit was opened, and the magnet current then 
broken. This left H atthe point C and the test-piece at point C'. The 
galvanometer was again steadied and the current made again in the 
same direction (viz., without throwing over the reverser), thus bringing 
Н back to the point B. The fling ®'4' corresponding to total 


* Viz.. the number which, multiplied into the fling gives the total flux embraced 
by Ше coil. 
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reversal is equal to the sum of the separate flings A'b' and С’ Б. 
The difference of the flings is the flux induced in the piece by the 
residual magnetisation of the magnet, the end corrections can- 
celling out. When the brass dummy is substituted for the iron piece, 
{һе changes of flux in the coil (neglecting end corrections) are repre- 
sented by the curve DA ВС, and the difference fling D is equal to 
b d'—bd. 

The observations given on page 247 were taken in fairly quick 
succession, iron and brass being inserted in the test coil alternately and 
the pole-pieces not moved. 

The flat pole-pieces were now substituted for the conical pole- 
pieces, and the value of D again determined when a current of 
4'9 amperes was reversed. The procedure was the same as before, 
brass and iron being inserted alternately and the current kept constant 
within 1 per cent. It is unnecessary to give all the figures. The means 
were as follows :— 


Iron gave a fling of  ... m . 2124 divisions. 
Brass dummy ... 7 isi ... 84 5 


D = 1284 divisions 
Value of D corrected for end effects 1284 x 1'02 = 131. 


The difference between the two values of D is 1j per cent., and is 
not more than can be accounted for by errors of observation. 
Taking the mean of the two values of D, we have— 


4т15== 132 x 390° = 20,100 lines. 


The diameter of the piece is 0'316 cm. and the sectional area is 
0'0784 sq. cm. Hence— 


9 = 16 х 00784 = 1'255, 
and— 
4r I = 20,809, 
I = 1,658. 


The area of the coil (S) is 213 sq. cm. The valuc of the magnet- 
ising force with the brass dummy in position with the conical pole 
pieces and a current of 60 amperes is— 


Н = 282 х 396 == 26,200. 
2 X 2:13 


The effect of inserting the iron is, asalready explained, to reduce this by 
about 0'09 X 47 I, or, say, 1,900 C.G.S. The actual magnetising force 
acting on the iron is, therefore, 24,300 C.G.S., and the flux density B is 
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about 45,000. The force produced by the residual magnetism of the 
magnet when the current is cut off is— 


34 = 
ae х 26,200 = 325 C.G.S., 


and the value of 4«IS in this residual field is found by taking the 
difference of the two flings A' b' and C'b' and subtracting 3}, the 
corresponding difference with the brass piece. In this case the differ- 
ence of the flings is 115}, leaving 112 as the fling corresponding to 
4=15 in a field of 325. In this field, therefore, the value of I for 


this Low Moor iron has reached = == 85 per cent. of its saturation 


value. The value of B when Н = 325 is 18,000, which agrees closely 
with that found by J. Hopkinson for wrought iron.* 

With the flat pole-pieces, H worked out in the same way is about 
7,800 C.G.S. This estimate, however, is subject to a correction for the 
time of growth of flux. More probably H was about 5 per cent. 
greater than this, or, say, 8,200. 

The use of so large a current as 60 amperes is attended with con- 
siderable difficulties, and the necessity of making the measurement in 
two stages greatly increases the probable error. It was therefore given 
up after all the pieces had been tested by its means, and a current of 
30 amperes was used for all further comparisons. With this current it 
was possible to use complete reversal and the magnetising force H was 
only about 12 per cent. less than that reached with бо amperes. It is 
unnecessary to give the figures of trials made in this way, as they 
differed in no respect except as regards the pole-pieces and current 
used from those made with the flat pole-pieces. А very large number 
of trials were made with different materials, and with one or two 
exceptions they agreed in showing that the value of D was sensibly the 
same whether the test were made in a field of 22,000 or one of 5,000 to 
8,000 lines. As showing the order of accuracy of these conclusions, 
reference may be made to a series of determinations made by Mr. 
Quinney on a piece of nearly pure iron. These measurements were 
carried out at different times and were all independent, the pole-pieces 
being shifted occasionally between the tests. Seven determinations of 
D in a field of about 8,000 C.G.S. (flat pole-pieces 5 aniperes) gave 
a mean of 1380 scale divisions, the maximum being 1384 and the 
minimum 1371. Adding 2 per cent. for the end correction, the 
corrected value of D is 140'9g. In seven similar measurements іп a field 
of about 21,000 C.G.S. (conical pole-pieces 30 amperes) the mean value 
of D was 1207, the maximum being 1214 and the minimum 1194. The 
corrected value of d given by these tests is 12077 X r'16 = 140, which 
differs by 077 per cent. from the other. 

Taking due account of the possibility of an error of І per cent., 
arising from the end correction in the high field, we fecl justified in 


* Philosophical Transactions, vol. 176, p. 455, 1885. 
VoL. 40. 17 
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concluding that the value of I in nearly pure iron is the same, certainly 
within 2 per cent. and most probably within 1 per cent, when 
Н = 21,000 as it is when Н = 8,000. 

This result receives additional confirmation from a study of the way 
in which the state of saturation is approached. This is shown in 
Fig. 4, which refers to pure iron (S.C.I.). The piece was tested between 
the flat pole-pieces of the larger magnet and with varying magnetising 
` currents and also in the small magnet. The results agree very well, 
but are affected by the joints at the ends when Н falls below 2,000. It 
will be seen that the change in I when the effect of the joints has been 
reduced by compression is hardly perceptible until H is less than r,ooo. 
Similar curves, to which reference will be made later, were obtained 
from a number of other materials. With two or three exceptions, the 
state of saturation was reached within 1 per cent. at Н == 5,000. 
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THE SATURATION VALUE OF I FOR PURE IRON. 


Among the materials available for examination was a sample of 
Swedish iron (maker's mark, S.C.I.) containing less than о'2 per cent. 
of impurities. A special study was made of this specimen with the 
object of determining the value of I in absolute measure for pure iron. 
Most of the tests were made on a cylinder of the following dimensions:— 


Length ... iss ise iv .. 626 mm. 
Mean diameter at middle  ... .. 3°18 mm. 
Weight .. jas ss 0:385 gramme. 
* Density (calculated Кой. weight 
and dimensions) ... ese es 774 


* According to Brown (Transactions of the Roval Dublin Society, vol. 9, p. 59, 1907) 
the density of S.C.I. is 77:877. Our measurements of density depend on estimating the 
average sectional area of a piece only 3 mm. diameter, which is not easy to measure 
aud may be in error by 1 per cent. The error will generally be in excess because 
there is a tendency to measure outside diameters, and no account is taken of flats or 
slight hollows, This, however, is not enough to account for the wide difference, 
amounting to 2 per cent., between the density here found and the value given by 
Brown. It is possible that there are local differences of density which may amount 
to 1 per cent., and which become apparent in these small test-pieces. 
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A large number of independent measurements of the value of 4 x I 
were made for this piece in a field of about 8,000 C.G.S. in the manner 
already described. Оп each occasion the constant of the galvanometer 
was determined by means of a standard inductance or a standard con- 
denser. The following table summarises the results of measurements 
made by three ditferent observers and with the two galvanometers * :— 


Observer. | Galvanometer. 4 18. 


JH. ы i Nalder 26,800 
Be He ax vis Broca 26,800 | 
Н.О. x us Broca 26,800 
H. O. жн si . Nalder 26,600 


Ф 


In the above the end correction of 2 per cent. has been applied to 
readings of D in all cases. In one test made with the conical pole- 
pieces in a field of about 21,000 C.G.S., the value found was 26,600. 
This experiment was made with the Nalder galvanometer, and is in 
satisfactory agreement with those recorded above for the lower field. 

The mean sectional area of this piece is 0'0794 sq. cm. correct 
within 1 per cent., and S is 16 times the sectional area or 1:270 sq. cm. 
The mean value of I obtained with the Broca galvanometer is 1,680. 
and with the Nalder galvanometer 1,675. | 

A test was also made on another piece of the same iron $ in. long. 
Flat pole-pieces were used with a current of 10} amperes, which gave 
a field of about 7,000 C.G.S. In this case the correction for the ends 
would be 2 of that with the }-in. piece, or rather less than 1 per cent. 
The value of 4 x I S determined with the Broca (long period) galvano- 
meter was 27,000. The dimensions of the piece were :— 


Length ... nee sist ae . 5°92 mm. 
Mean diameter... ies Pss .. 319 mm. 
Weight ... eo T © ...  O°99 gramme. 
Density (calculated) ... sis wa. 7°78 


whence the value of I is 1,680. 

Finally reference may be made to some experiments made to- 
wards the end of the present research by Mr. E. F. Clark, Advanced 
Student in the Engineering Laboratory, Cambridge. Не used a 


* The Nalder galvanometer was of suspended coil type, with a period of about 
15 seconds ; the Broca was suspended magnet and its period was about 30 seconds, 
t Mean of four independent measurements, ranging from 26,100 to 26,500, 
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new magnet with limbs built up of transformer plates and solid 
pole-pieces having parallel opposed faces 2 in. in diameter. The 
test-pieces were 14 in. long by 4 in. diameter. The measurements 
were made differentially, in the same manner as those in the “small” 
magnet. He used the Nalder galvanometer, and in the circuit was 
included the secondary coil of a standard inductance, so that a direct 
calibration independent of resistance measurements, damping, etc., 
could be performed at any moment by reversing the current in the 
primary. Using the same Swedish iron in a field of 5,000 C.G.S. he 
found for four different pieces values ranging from 1,680 to 1,690, the 
mean being 1,685. The length of the specimen precludes all end 
effects, the lamination of the magnct eliminates any uncertainty due 
to eddy currents, and finally the differential method of working and 
the direct calibration greatly reduce casual errors of observation. On 
every ground these measurements are to be regarded with considerable 
confidence, and it is very unlikely that the mean value found by Mr. 
Clark is in error by so much as I per cent. 

А number of trials were also made on pieces of Low Moor iron, 
some in absolute measure and some in comparison with the picces of 
pure Swedish iron. In most cases the value of I was perceptibly less 
than for the purer iron, and in none was it perceptibly greater. The 
difference did not in any cage exceed 2 per cent. Mr. E. F. Clark 
tested five different pieces, and found values ranging from 1,659 to 
1,677, the mean being 1,667, or about 1 per cent. less than the value 
which he found for S.C.l. The following are some values of this 
constant found by other observers — 


Ewing and Low (Low Moor iron, isthmus method), 1,630-1,740 
(mean value 1700).* 

Du Bois (optical method Н = 2,500), 1,700-1,750.1 

Gumlich (isthmus method) (electrolytic iron Н = 6,000), 1,725.1 


The last-mentioned determination is the most recent, and it will be secn 
that it exceeds our value for S.C.I. by 24 per cent. In part, this may be 
due to difference in the material. It is quite possible that the density 
of the electrolytic iron may have been rather greater than that of the 
S.C.I. which we used. Having regard, however, to the close agreement 
which we have found between different varieties of nearly pure iron, 
we think it probable that there is a small systematic error in one or both 
sets of measurements. Such an error is most likely to occur in the 
estimation of H. In Gumlich's experiments, as in those of Ewing and 
Low, the value of H was measured by determining the flux density in 
an annular air space immediately surrounding the test-piece or isthmus. 
If the pole-pieces are truncated cones having the same vertex and an 
angle of about 80°, and if the cylindrical isthmus fills up the whole 
* Philosophical Transactions, А, vol. 180, p. 242, 1889. 


t Philosophical Magazine, vol. 29, March, p. 263, 1890. 
$ Elektrotecánische Zeitschrift, vol. 30, 1909, p. 1065. 
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space between the flat ends, then the magnetising force due to mag. 
netism on the conical surfaces is approximately uniform within the 
isthmus and for a little distance outside it. ‘There will be some mag- 
netism on the cylindrical surface of the isthmus near the ends which, 
though of small amount, may on account of its close proximity con- 
siderahJy affect the value of Н within the piece. Subject to this 
correction, the amount of which is difficult to estimate, the value of H 
within the piece will be equal to that measured just outside. Ewing 
and Low used pole-pieces of the shape described, and it seems probable 
that in their measurements the field was in fact nearly uniform. "The 
arrangement of Gumlich's pole-pieces and test coil is shown in Fig. 5. 
The conical poles, though they are of about the correct angle to give a 


Diameter of test-piece, 3 mm. 


FIG. 5. 


uniform field, have not a common vertex, and the field might be far 
from uniform. The field was explored with test coils when the piece 
was removed and found to be substantially uniform under these circum- 
stances. But, as we have found in our experiments, exploration of the 
field when the iron isthmus is removed throws but little light on the 
distribution when it is there. It is quite possible that the value of H 
within the piece in these experiments was greater than in the annular 
space. If this were the case, it would lead to an overestimate of I. 


ALLOYS OF IRON: GENERAL. 


The following was the course of the systematic testing of the whole 
series of iron alloys. A test-piece was prepared of each sample about 
4 in. diameter and } in. long. The value of D for every one of these 
pieces was measured by Mr. J. Hirst, first with flat pole-pieces and a 
current of about 5 amperes and then with conical pole-pieces and a 
current of 60 amperes. The value of H in the first case was about 
8,000 C.G.S., and in the second from 24,000 C,G.S. for pure iron to 
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26,000 C.G.S. for non-magnetic alloys. In the experiments with the 
conical pole-pieces and a current of 60 amperes the procedure was as 
described above, the flux-change corresponding to reversal being 
determined in two parts, by observing the fling on making the current 
first after reversal and then after breaking without reversal. 

In this series of tests the value of H was measured by determining 
the flux change in the annular space between the concentric Coils of 
bobbin A, which were connected to the galvanometer in opposition. It 
was at first assumed that the magnetising force in the annulus might 
be taken as equal to that in the test-piece, but it was found that on this 
supposition the value of I as obtained by Mr. Hirst with the intense 
field given by the conical pole-pieces was uniformly less than that 
found with the flat pole-pieces and a more moderate field. This led to 
a further investigation of the effect of the ends, the principal results of 
which are given above. It appeared that the result of taking the mag- 
netising force inside the test-piece as equal to that in the annulus was 
to cause the value of I to be under-estimated by about 5 per cent. in 
the tests with conical pole-pieces. 

The whole of Mr. Hirst's results were then re-calculated, with proper 
corrections for the ends. As a result of this re-calculation a close 
agreement was in most cases established between the saturation value 
of I obtained in the high and low fields. The following table gives a 
statistical summary of the results.* The first column shows the 
number of pieces in which the difference between the high and low 
field values of I lies within the limits shown by the second column. 
The difference is expressed as a percentage of the saturation value of I 
for pure iron, 1 per cent. representing about 16 absolute units :— 


Number of Cases. Difference between High and Low Fields.! 
6 T T ji ... exceeding 3 (max. difference 5'4) 
7 es T s Есе „. +2 to +3 
9 +1 to +2 
5 —1 to +1 
9 T ves e —2 to —I 
I ... less than —2 (max. difference —2°3) 


The galvanometer fling could be read correct within one division, 
which corresponded to about 12 absolute units in I or 0°75 per cent. of 
the saturation value for pure iron. Differences between high and low 
fields amounting to 14 per cent. were therefore to be expected occa- 
sionally from ordinary errors of observation. Allowing for this it will 
be scen that there is distinct cvidence in a few cases that saturation is 
not quite reached in the lower field. It is improbable, however, that 
the difference in any case exceeds 3 per cent. or 50 absolute units. 

About до of the pieces were then tested by one of us with conical 
pole-pieces and a current of 30 amperes. With this current complete 


* Non-magnetic or nearly non-magnetic alloys are not included. 
t Difference reckoned positive when high field exceeds low. 
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reversal is possible and the measurements аге accordingly rather more 
accurate than those made by Mr. Hirst with 60 amperes. The results 
in nearly all cases agreed closely with those obtained by Mr. Hirst ; 
where there was any difference it was usually in the direction of a 
closer approximation to the value found by him in the lower field. 

The number of pieces examined by Mr. Hirst was about 100 and 
covered the whole range of alloys. A considerable number of other 
pieces were tested subsequently by the other observers. These were 
mainly iron-carbon and iron-silicon steels which had been subjected to 
different heat treatments. Finally a large number of pieces were 
tested differentially in the small magnet, the more magnetic specimens 
being tested against the pure iron (S.C.I.)* These tests were made in 
a field of about 13,000 C.G.S. units. Out of over one hundred such 
tests only four differed by more than two (in the magnetism relative to 
pure iron taken as 100) from the corresponding results obtained with 
the large magnet (low field). For the nearly non-magnetic pieces and 
for those which have nearly the same magnetism as pure iron, these 
differential results are probably more accurate than the others. A 
number of magnetisation curves, showing the value of I for different 
values of H down to about 1,000 were also obtained with this instru- 
ment. With regard to these curves it is to be observed that the joints 
at the ends of the test-piece introduce an error, which may be con- 
siderable when Н is less than 2,000, the tendency being to make the 
value of I too low, so that the piece when compared with a non- 
magnetic material appears to approach the state of saturation more 
slowly than it does in fact. The amount of this effect in the case of 
S.C.I. is shown in Fig. 4. So far as possible the piece was of the same 
length as that with which it was compared, so that there would be no 
air-gap in either сазе; but no compression was used. For this reason 
the curves are not very accurate for lower values of H than 2,000 
except in the case of nearly non-magnetic materials, for which the 
error is inappreciable. 

In reducing the results for tabulation the most convenient course is 
to express the magnetism of each steel їп terms of that of an equal 
weight of pure iron. The difference fling D (corresponding to 4 ~ I S) 
is determined for the piece, and is compared with the corresponding 
fling D, taken under identical circumstances for a certain standard 
piece of pure iron. The piece is weighed and its length measured. If 
W, be the weight of the standard and L, its length, W and L the 
corresponding quantities for the test-piece, the relative magnetism of 
the fatter is taken to be D ve d The lengths of the different 
pieces are all nearly the same, never differing by more than about 


2 per cent. from the mean value. For pieces of equal density x is 


* Another piece was used for these tests. The density was slightly кыч (7:84) 
than that of the first piece, but the magnetism (when referred to unit of weight so as 
to correct for the difference of density) was the same within 4 per cent. 
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a measure of the mean sectional area ; where the densities are different 
it 15 a measure of mean area multiplied by density. I, the saturation 


: OW ; DL. 
intensity, is generally referred to unit of volume; hence, Ww iS Pro 


portional to It appears to us more logical to express the 


density ' 
magnetisation constant in terms of unit mass rather than in terms of 
unit volume, and it has the practical advantage that the effect of small 
gas Cavities, and to a great extent that of traces of uncombined non- 
magnetic material such as slag, is automatically discounted. The 
same procedure was followed by Du Bois in expressing the results 
obtained by his optical method. 

The whole of the results expressed in this way are collected 
together for convenience in Appendix IV. The analysis and density 
of each specimen are also shown. The densities were calculated from 
the weights and dimensions and are expressed in terms of the density 
of a piece of S.C.I. whose absolute density was 7:84.* The saturation 
value of I which is given is in each case the most probable value, 
having regard to all the observations, and is probably in nearly all 
cases correct within o'5. Where the high field exceeded the low by 
more than 2 anote is made of the fact, and the high field result is taken 
as the true saturation value. 

In the same table the results obtained by Barrett, Brown, and Had- 
field are also shown. These are put into the form of a statement of 
the ratio of the permeability of the material to that of pure iron in a 
field of 45 C.G.S. units, and a statement of the coercive force. 


GENERAL CONCLUSIONS. 

Attention may be drawn to the following points of a general 
character :— | 

I. There is no alloy having a higher magnetism than has pure iron. 

2. Among the alloys there are one or two whose magnetism is greater 
than the sum of that of their constituents taken separately. Note 
particularly No. 59, containing 11:4 per cent. Ni. 

3. The magnetic properties of cvery alloy, even those which are 
practically non-magnetic, are very closely expressed by the relation 
B—H-F4-1I, where I is the constant which we have called the 
“ magnetism,” provided that Н exceeds 7,000 C.G.S. The coefficient 
of H in this equation certainly does not in any case differ from unity by 
more than 3 per cent. It has sometimes been said that the non- 
magnetic manganese steels, or some of them, behave as though they 
had a constant permeability of the order of 12 or 1'4. Our experiments 
are not in accord with this. А steel having a permcability of 1:2 would 
give the following results :— 


at H — 7,000, 471-2 1,400, I = 112; 
at H = 2,500, 4r I = 5,000, I = 400 ; 


* The smallness of the diameters precludes great accuracy in the measurement 
of density ; the figures given are probably correct within about 1 part in 200, 
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showing a difference of 288 between the values of I in the high and 
low fields. According to our experiments on the non-magnetic steels, 
the difference in the values of I does not in any case exceed 30 units. 


It appears that the less-magnetic alloys behave as though they con- 
sisted of some substance having a permeability which does not differ 
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from unity by more than 2 or 3 per cent. mixed with varying quantities 
of magnetic matter which is practically saturated with magnetism in a 
force of 8,000 C.G.S. Such a mixture would behave in fields of low 
density as though it had a constant permeability which might greatly 
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exceed unity. But in fields of high density it would become saturated 
with magnetism, as the non-magnetic steels are found to do in fact. 
The curves of magnetisation of steels which are but slightly magnetic 
confirm this supposition as to the constitution of these bodies. In 
every instance examined when the magnetism is perceptible at all, it 
increases much less rapidly than H over the range 2,000 to 12,000. 
This will be apparent from inspection of the curves Figs. 11 to 16. 
These curves were all obtained by the differential method and may be 
relied on as accurate to within one unit (S.C.I. being 100) and within 
one-half a unit for the nearly non-magnetic materials. For instance, in 
No. 98 (Fig. 15), whose magnetism relative to iron is about 3 per cent., 
the value of .I in a field of 12,000 is only twice as great as in a field of 
2,000. 
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FIG. 7. 


4. Comparison with the result obtained by Barrett in fields of 
40 units or less shows that in some cases the magnetism of an alloy 
may be considerably greater relative to that of iron in low than in high 
fields. Barrett found that several of the silicon steels and one of the 
aluminium steels were actually more magnetic than pure iron for small 
values of H ; but all these materials are less magnetic than pure iron 
when saturated. In these cases the coercive force is small. On the 
other hand, in some alloys with a very high coercive force (e.g., some 
of the manganese steels) the magnetism relative to pure iron is much 
greater when saturated than in a field of 40, in some cases more than 
twice as great. 

THE IRON-CARBON STEELs. 


Fig. 6 shows the amount of the reduction in the magnetism of iron 
produced by the addition of varying amounts of carbon. The alloys 
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shown in this diagram are those containing less than 4 per cent. of 
substances other than iron and carbon, but the impurities will to 
some extent mask the effect of the carbon. It is, however, clear that 
the points are grouped about a straight line. The effect of adding 


carbon within the limits here shown appears to be to reduce 


the 


magnetism by an amount proportional to the amount of carbon, the 
reduction of magnetism being about six times the amount of carbon. 
The relation is sufficiently exact to suggest that measurements of 
magnetism might be used as a means of determining the amount of 


combined carbon in a steel. 


If these steels, all of which were cooled rather slowly, be regarded 
as mixtures of the carbide of iron Fe,C and of pure iron, the propor- 
tion of carbide of iron will be 15:5 times the proportion of carbon. 
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Let c be the proportion of carbon іп a steel, and let I; be the magnetism 
of pure iron, I, that of Fe,C. Then equation (1) connecting the mag- 
netism (I) of the steel with that of its constituents takes the form :— 


1 =15'5с1, 4 (1 15:50)T, ; 
апа by experiment— 

Т == 1, (1 — 6c) ; 
whence it follows that— 


I, = 92 I; = 0'62 Í, ; 
I5'5 


or iron-carbide Fe,C is about two-thirds as magnetic as pure iron. 


The steels containing 2 per cent. of carbon or less are practically 
saturated at H = 7,000, though No. 13 (1,391 B,c = 1'96) approaches 
this state slower than does purc iron. The annealed cast iron No. 15, 
with 3°45 per cent. Carbon is distinctly short of saturation when 
Н == 7,000, the magnetism being then 75:8, whereas the saturation 
value of Iis 79°7- It is remarkable that if the alloy be quenched in 
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water from the molten state (No. 17) the resulting product approaches 
the state of saturation more rapidly and is saturated at Н = 7,000, 
though the value of I obtained is not so high. The same is true of 
Nos. 13 and 14 (1,391 B). 

These peculiarities are exhibited in the magnetisation curves Figs. 
7 and 8. 


EFFECT OF RAPID COOLING. 


Most of the specimens were allowed to cool slowly in air after 
rolling or forging. In a few cases special specimens were prepared 
which had been carefully annealed and allowed to cool very slowly in 
the furnace from about 850° С. Іп the carbon and silicon steels little, 
if any, difference in the magnetism could be detected as the result of 
this treatment. It may therefore be assumed that the cooling of the 
original rods was in such cases sufficiently slow to insure the attain- 
ment of an equilibrium state. 

The effect of quenching was also tried on several pieces. The 
results appear in the following table :— 


| 
1. 
No. | Mark P sa Treatment Per Cent. of 
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ee So Soa ee we С=С ] 
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Quenching is, of course, a process of uncertain character, the outer 
portions of a piece cooling much more rapidly than the inner. This 
is exemplified in the large differences between the three samples of the 
cast iron which were quenched when molten. These samples were cut 
from different parts of the same lump. "There are corresponding 
differences in the micro-structure (see Fig. 9). 

Similar results were obtained with 1,391 B (Nos. XIV a and XIV b). 
Specimens quenched from 1,050° C. had practically as much magnetism 
as the annealed piece (88 per cent. of pure iron). In XIV a, which 
was cut from an irregular lump about $ in. diameter quenched from 
1,200? C., the magnetism was reduced to 60 per cent., while a bar of } in. 
diameter quenched from 1,200? C. (XIV b) had only 20 per cent. of 
the magnetism of pure iron. Photomicrographs of these three pieces 
are given for comparison (Fig. 17). "The full discussion of these results 
hardly falls within the scope of this paper, but it may be noted that in 
this steel, according to the usual theory based on the cooling curves, 
the formation of cementite would occur in the neighbourhood of 
1,100? C, It is possible that the effect of quenching may depend on 
whether or no free cementite is present, and this might account for the 
marked difference between the pieces quenched at 1,200? C. and at 
1,050? C. respectively. The difference between the two pieces quenched 
at 1,200? is probably due to difference in the speed of cooling. The 
second piece (XIV 5) was the smaller and would cool more rapidly. 


SILICON-IRON AND ALUMINIUM-IRON ALLOYS. 


Silicon seems (at high inductions) to act mainly as an inactive 
diluent, the reduction in magnetism being but little greater than the 
percentage of this element which is present, after allowance is made 
for the effect of the carbon. The following figures illustrate this 
point :— 


| Reduction of Reduction due to 
| С Magnetism. Carbon alone. 
Per Cent. Per Cent. 
| 26 (803) ... к» M 72728 0°67 36 4'0 
| 29 Soi L)... m | 2:777 0°34 32 2'0 ! 
28 (898 E)... | 2:67 0°20 39 1'2 
биа (дА) | ab | оз | $e o9 
*34 a (1,894 32 о 'O ; 
*34 b S. annealed) | 3°26 O'IS 4'I o'9 
31 (898 К)... 4 | 3°89 O'II 6:2 07 
33 a (898 H) .... 553 0'26 74 r5 
| 


In the first two instances in the above table, it would appear that 
the addition of the silicon had neutralised the effect of the carbon to 


* Contains 0'96 per cent. Al. 
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some extent, the combined effect of the two elements being only 
slightly more than if both were inert diluents. 

Some of these silicon-iron alloys are very soft (magnetically) in 
fields of low density. Thus No. 28, containing 2:67 Si and 0°20 C, has 
98 per cent. of the magnetism of pure iron when Н == 45 (Barrett), the 
proportion diminishing to 96 per cent. when saturation is reached. 
The curve of magnetisation determined by Barrett from this material 
(Fig. 10) is of such a form relative to that of pure iron as to suggest 
that the relative magnetism will diminish with increasing force. The 


16000 
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ore | МА MZ is 32, and No.8 #%, less 
magnelic Chan hare iron when saturated. 


coercive force is only about half of that of pure iron. These facts 
suggest that the silicon has the effect of reducing the interaction of the 
molecules of iron—perhaps by mechanical separation—without other- 
wise affecting them. Quenching reduces the magnetism of the silicon- 
iron alloys, but this may be due to the presence of carbon. No. 33, 
containing 5:5 per cent. Si and 0°26 C, is hardly altered by quenching, 
whereas No. 29, containing 2°77 Si and 0°34 C, loses about 3:5 per cent. 
of its magnetism when quenched. 

The effect of aluminium is similar to that of silicon but more 
marked. Thus No. 72, containing o'ig per cent. of carbon and 2°45 
per cent. of aluminium, has, when saturated, 3 per cent. less mag- 
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netism than iron. According to Barrett, this alloy is more magnetic 
than iron in a field of 45 and has a coercive force of ro. The per- 
meability curve (see Fig. ro) evidently crosses that of pure iron at 
some value H greater than 45. 


IRON-MANGANESE ALLOYS. 


We have been unable to discover any simple relation between the 
proportion of manganese and the corresponding reduction in mag- 
. netism. ' Itis well known that the influence of the manganese is greatly 
affected by comparatively small amounts of carbon. "The results which 
we have found, however, present anomalies which can hardly be 
explained by the varying proportions of this element. "They suggest 
that there is some other variable, possibly the temperatures to which 
the alloys happen to have been subjected in rolling or forging, and 
the precise mechanical character of that process. Thus we have :— 


| Reduction in 
| 
| 
| 


Ко. C. Mn. Si. Magnetism 
37 (1,379 В,) ... zu 0°08 3°50 0°130 9'I 
38(1,323C) ... is O'IS 5:40 0'037 6:4 
39 (1,379 D) ... E 0'16 10°08 0°630 5575 
| 40 (1,379 Da) .. — «| ots 15:27 x 95'5 


In No. 38 the manganese, 5'40 per cent., behaves like an inactive 
diluent, whereas in 37, containing less carbon, the percentage reduction 
of magnetism is nearly three times the percentage of manganese. On the 
other hand, the addition of another 5 per cent. of manganese to No. 38 
reduces the magnetism by 50 per cent. Larger proportions of carbon, 
however, appear to have an opposite effect. Thus No. 42 is only-about 
half as magnetic as pure iron, yet it contains but 3:81 per cent. of 
manganese. The presence of 0'78 of carbon may be the cause of this. 
Again, No. 45, though containing more manganese than No. 42, has 
91 per cent. of the magnetism of pure iron. In this case the carbon is 
0°36. The same thing appears in a comparison of Nos. 47 and 48 :— 


| No. 


| C. Mn. Specific Magnetism. 
| ; 

47 (1,010 W.T.) sis | 1°23 12°64 о 

48 (1,338 В,) ... is 0°26 13'00 I5 


| 


the higher carbon being associated with the lower magnetism. 
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A good deal of attention was devoted to No. 47 (1,010 W.T.). 
This is the original Hadfield's non-magnetic steel, containing about 
I2 per cent. Mn and 1 per cent. C, and its magnetic properties have 
been examined by a number of observers, including ]. Hopkinson, 
Ewing, Barrett, and Du Bois. Hopkinson, working in fields of moder- 
ate intensity (up to about 200 C.G.S.), found it to possess a constant 
permeability of about r3. Ewing tested it by the isthmus method, 
and found the permeability to be roughly constant and equal to 14 
from Н = 1,900 to Н = 10,000, the value of I in the latter field amount- 
ing to about 25 per cent. of the saturation value of pure iron. As 
Ewing remarks, this is a “‘respectably high” intensity of magnetisation. 
Du Bois, using the rotation of the plane of the polarisation of light 
reflected from the metal as a measure of the intensity of magneti- 
sation, obtained no definite results, the rotation varying with the 
precise point of the metal surface from which reflection took place. 
This Du Bois ascribed to heterogeneity of structure. 

We have tested in all five pieces of this material, all cut from 
the same bar, and in none was the magnetism so much as 44; part 
of that of pure iron. The permeability for Н = 10,00Q did not exceed 
I'O2. One of the pieces of this manganese steel (No. 47) was kept 
for 70 hours at a temperature of 800° C. and then slowly cooled, with- 
out, however, making it magnetic. The piece when taken out of 
the furnace was attracted by a magnet, but after the outer layer (which 
was probably decarbonised) had been ground off the attraction prac- 
tically ceased, and the piece then had no magnetic quality perceptible 
by our method of testing. It is, however, certain that by some sort 
of heat treatment this steel can be rendered fairly magnetic. A bar is 
in existence, one end of which has over 27 per cent. of the magnetism 
of pure iron, while the other end (which had been forged down) 
is absolutely non-magnetic. The exact treatment to which this bar 
was subjected is not known, but its composition (C 1:76, Mn 11°6) is 
nearly that of No. 47 (1,010 W.T.). It will be observed that No. 45 
having 1°66 per cent. of C and 11°53 of Mn, had 42 per cent. magnetism, 
as originally forged. By heating to redness and cooling in air 
(No. 46), however, the maguetism was completely destroyed. The 
precise character of the treatment by which it can be restored is now 
undergoing investigation. It should be observed that both No. 47 
in its magnetic state and No. 45 (see Fig. 11) showed steady approach 
to saturation which was practically reached in a field of about 10,000 
C.G.S., like the other materials examined by us. There was nothing 
approaching the constant permeability found in Ewing's experiments.* 

* It may be observed that Ewing's method, though well adapted for examining 
materials which are nearly as magnetic as iron, is not so suitable for testing non- 
magnetic alloys. The measurement of I depends on the assumption that the value of 
H in the neck of the test-piece is equal to that in the outer coil. This assumption of 
uniformity of field is undoubtedly nearly correct with an iron test-piece. But it 
is probable that when the test-piece is non-magnetic the force is considerably yreater 
on the axis, than at points at a distance, because of the distribution of magnetism on 


the end of the conical pole-pieces. This would make the piece, if in the non-magnetic . 
state, appear to have a nearly constant permeability greater than unity, 
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The magnetisation curves of several different iron-manganese alloys, 
obtained differentially, are shown in Fig. 11. Our observation that the 
non-magnetic manganese steel has no perceptible magnetism in fields 
of high density is, however, consistent with the existence of a nearly 
constant permeability of 1:3 or r'4 in fields up to 200 C.G.S., as found 
by J. Hopkinson. A little pure iron, amounting to, say, 1 per cent. 
of the whole, if distributed through the alloy in continuous threads, 
would account for its behaviour both in weak and in strong fields. 

The peculiar effects of heat treatment on iron-manganese alloys 
which appear in our experiments on Nos. 45 and 46 are illustrated 
by the following results given by J. Hopkinson :— 


Steel containing 13 per cent. C and 877 per cent. Mn. 


As forged (s .. B= 747 in field of 240 units. 
Annealed РУР e. В == 1,985 i 240 , 
Oil-hardened ... aw B= 733 j 240  , 


It will be noticed that the cooling in air which presumably followed 
forging was in this case sufficiently rapid to produce all the effects 
of quenching in oil. It seems possible that most of the anomalous 
results obtained from these alloys in this research may be explained by 
the temperatures to which they have been subjected in rolling or 
forging. The cooling in air to which all were subjected, and which 
would be without much effect in an iron-carbon alloy, may have 
been quick enough in some of these iron-manganese alloys to give 
the effects of quenching. 

In the more magnetic iron-manganese alloys the approach to 
the state of saturation is very slow in the earlier stages. This is 
apparent from the magnetisation curves (Fig. 11), and may also be seen 
by comparing the limiting value of I found in our experiments with 
Barrett’s results for Н = 45. Thus No. 43 (4:68 per cent. of man- 
ganese, 0°36 per cent. of carbon), is дт per cent. as magnetic as pure 
iron in very intense fields, but in a field of 45 units, I for this material is 
only 49'5 per cent. of its value in pure iron in the same field. Barrett 
found the coercive force of this alloy to be 19°6 or то times that 
of pure iron, which would lead one to expect excessive magnetic hard- 
ness under small forces, though it is consistent with a large saturation 
intensity. No. 44 has similar properties. In this respect the effect of 
manganese is opposite to that of silicon. On the other hand, in No. 38 
the intensity of magnetisation in a field of 45 units, is 874 per cent. 
relative to pure iron, rising to 934 per cent. under large forces. In this 
case, however, the coercive force is much less—only 6:0. 

One result of the complex effects of temperature or mechanical 
work on the iron-manganese alloys is that different parts of the same 
bar frequently exhibit different magnetic qualities. Any statement of 
the magnetism of these substances ought evidently to be accompanied 
by a precise specification of the heat treatment. Probably the exact 
temperature at which rolling or forging took place is an important 

VoL. 40. 
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factor. Pending further investigation, therefore, in which these details 
will be noted, the figures given in Appendix IV. for these bodies must 
be regarded as provisional only. 


IRON-NICKEL ALLOYS. 


The magnetism of the iron-nickel alloys, like that of the iron- 
manganese alloys, cannot be expressed in simple terms, and is now 
undergoing further investigation, in which attention is being paid to 


N°44.(945 A) Analysis C1-00 Mn. 7-0 

n 45. (1510 В) "1-66 « 1:53 
48. (15338 B-2) "0°26 » I$0 
49. ( 50) » 1:50 Si. 0-14 Mn.15-22 
40. (1379 D-2) и 0-15 Mn. 15-27 


"1:66 = 1-55 after 
heating to redness. 


46. (1310 B) 


[Imax. for pure iron = 100) 


— S 


various details of heat treatment, etc. Meanwhile, we may draw 
attention to one or two points which appear in the results already 
obtained. Comparing the results obtained by us for specimens 
Nos. 57 to 64 with those found by Barrett for the same materials 
in fields of low density, it will be seen that in four cases (59 to 62) there 
is a large increase in relative magnetism when the force is increased 
from 45 to 5,000. Each of these steels has a high coercive force. The 
most striking instance is, perhaps, No. 59, containing 11°4 per cent. of 
nickel, whose magnetism when saturated is 96 per cent. of that of pure 
iron in spite of the large nickel content, though in a field of 45 it is less 
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than half as magnetic as pure iron. "This steel is remarkable in that its 
magnetism is greater than that of the elements taken separately.* 
With the possible exceptions of Nos. 57 and 58 no other alloy in our 
series possesses this peculiarity. According to Barrett, this material is 
only half as magnetic as pure iron in a field of 45 units. It will be seen 
from this that experiments on fields of the order of 100 units may com- 
pletely fail to reveal the ultimate magnetic constitution of a steel with 
high coercive force. 
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FIG. 13. 


On the other hand, the more magnetic alloys of the group in which 
the coercive force is low—viz., Nos. 57 and 58—are, relatively to pure 
iron, practically as magnetic when Н = 45 as they are when Н = 4,000 
The relative permeability of No. 64 (Ni == 31:5 per cent.), which also 
has a low coercive force, seems to be considerably less in the low field, 
but there may have been some difference of heat treatment which 
would account for this. | 

Fig. 12 is the magnetisation curve of No. 62 (1,287 L), and Fig. 13 is 
the curve given by Barrett for the same alloy. Fig. r4 is No. 64 
(1,449 A). Figs. 15 and 16 show the manner in which nearly non- 
magnetic alloys approach the state of saturation. 


* There is 87 per cent. of iron and 11:4 per cent. of nickel. The nickel is mag- 
netically equivalent to about 3:5 per cent. of iron. Total, 90°5 per cent. 
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Some of the iron-nickel alloys exhibit the same sort of indefiniteness 
as regards magnetism as do the alloys of iron and manganese 
alloys, different parts of the same bar having different magnetic 
qualities. It is hoped that by further investigation in which careful 
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observation is kept of the heat treatment this indefiniteness may be 
removed. 

We have to acknowledge with thanks the great assistance which 
has been rendered in this research by our assistants and by advanced 
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students in the Engineering Laboratory, Cambridge, including 
particularly Mr. J. Hirst and Mr. H. Quinney, and Mr. Milne and 
Mr. Main, of Hecla Works. The greater part of the laborious work 
of testing and of reducing the results has been carried out by these 
gentlemen. 


APPENDIX 1. 


THE BALLISTIC GALVANOMETER. 


The galvanometer used in most of the experiments was of the 
moving-coil type. This form—though less sensitive than the sus- 
pended magnet type—was chosen in order to avoid stray field effects, 
which are rather large in the neighbourhood of so big a magnet. 
The galvanometer was made by Nalder Bros, some years ago, and 
is provided with permanent magnets. It was found necessary to 
increase the natural period of oscillation considerably, on account of 
the slowness of the change of flux following a reversal of the magnet 
current, and, for this purpose, the moving system was loaded with 
small pieces of lead carried on a mica arm. The period of oscillation 
was about 154 seconds, and the resistance of the coil was about 
33 ohms. The sensitiveness of the galvanometer was such that one 
division (4 in.) on a scale distant about до cm. from the instrument, 
corresponded to about 3:7 х 107? coulombs. 

In order to obtain flings sufficiently large for accurate reading 
with the small flux changes available, it was necessary to keep the 
resistance of the galvanometer circuit low. In most of the tests the 
external resistance (viz., resistance additional to the galvanometer and 
testing coil) was 4 ohms, and the total circuit resistance was 8'24 ohms. 
With this amount of added resistance the ordinary changes of room 
temperature did not alter the total resistance by more than about 
{ per cent. above or below the mean value, and at the same time the 
sensibility was such that the value of 4 * IS for a piece of Low Moor 
iron & in. diameter corresponded to a fling of about 130 divisions. 
The damping with so low a resistance was, however, very large, the 
ratio of successive swings on the same side being 0°331. In the theory 
of the ballistic galvanometer it can usually be assumed that the 
damping is so small that its effect on the period of oscillation may be 
neglected, and in that case the expression for the flux-change F in 
terms of the fling is F— EL 9$ К x 10%, where А is the equivalent in 
coulombs of 1 division of undamped fling, R the total resistance of the 
circuit, and L the fourth root of the ratio of two successive swings on 
the same side when the galvanometer is freely swinging with its 
circuit closed. In the present case the damping is so large that the 
more accurate formula— 

F=kL'9R x тов 
must be used. А and R have the same meanings as before, and— 
L'zLe-etan , 
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where L is, as before, the fourth root of the ratio of two successive 
swings on the same side, and— 


2 
tan e = log, L. 


The following table gives the constant k L' R x 10° (which gives 
flux-change in the terms of fling) for different values of К, together 
with the values of L апа ғ on which it is based. It is assumed that 
k = 372 X 10-7 coulombs per division, which was the value of this 
constant for many of the tests. 


Additional | 

Resistance R. L. є. L' RL'k. 

(ohms). 
о 419 1'757 0344 1'553 242 | 
4 8:24 1320 | 0'176 1:284 394 i 
IO 14°22 1178 | 0105 r'168 | 618 
| | 
20 24°20 1108  o'o65 11103 ! 994 
| 


The flings produced by the same flux change with different external 
resistances were carefully compared on a number of occasions, and 
it was found that their relative amounts were in inverse proportion to 
RL', certainly within 1 part in 200. 

Three methods were used for the determination of the constant Ё: 
(1) The discharge of a condenser. A standard condenser with a 
capacity of r'or5 microfarad was available for this.* (2) By the use of a 
standard inductance. Two standard fields were used, each consisting 
of a long solenoid wound on a brass cylinder with a secondary. coil of 
а few turns at the middle of its length. The flux embraced by the 
secondary coil per ampere of current in the primary was obtained by 
calculation from the dimensions. (3) By measuring the current a, 
corresponding to one division of steady deflection on the galvano- 


meter, and calculating the constant from the formula Ё == m where r is 


the period of oscillation of that circuit. On one occasion, when all 
three methods were used, the following values were obtained for k:— 
т. Condenser :— 
3°67 х 107 coulombs per division. 
2. Standard fields :— 
(а) 3°735 X 107? coulombs per division. 
(b) 37745 X 107? coulombs per division. 
3. Steady deflection :— 
3°76 х 107? coulombs per division. 
* «The instrument was marked ‘1 microfarad,' and the maker's test gave it as 
r'oo15 microfarad. I am indebted to Mr. Albert Campbell for suggesting that В.А. 
microfarads were intended and not true microfarads, and thereby clearing up an 


apparent discrepancy in calibration which had caused much trouble. As the con- 
denser was bought as late as 1906, such a possibility never occurred to me."—B. H. 


1910.] THE MAGNETIC PROPERTIES OF IRON. 271 


The period of the galvanometer on this occasion was 15:40 seconds. 
А day or two later the condenser and steady deflection calibrations 
were again compared, with the following result :— 


Condenser ... us oe Ёа 3715 X 10-7; 
Steady deflection... ... R=3°715 X 1077, 


The period on this day was 15°27 seconds. 

The steady deflection method is subject to a little uncertainty on 
account of the slow change of zero which goes on when the suspension 
is held twisted.* The most accurate value of k is probably that given by 
the standard fields, and it has been assumed for the purpose of these 
experiments that that given by the condenser isfor one reason or another 
{ рег cent. too low. This corresponds to taking k = 374 X 107 coulombs 
per division in the above group of three tests. It is practically certain 
that this is within 1 per cent. of the truth, and probable that it is within 
]percent. The galvanometer constant varied slightly with time, and 
whenever absolute measurements were desired it was re-determined. 
The most convenient way of doing this happened to be the use of the 
condenser, and in all cases 4 per cent. was added to the constant so 
determined in order to get the correct value. The condenser was 
always charged to the same potential—about тоо volts—and the 
potential was measured with the same instrument. 

For some tests a galvanometer of the suspended magnet type was 
used. This was of Broca's form, and was made by the Cambridge 
Scientific Instrument Company. It had a quartz fibre suspension, and 
a period of about 30 seconds. The resistance of the coils was about 
I1°5 ohms. Its sensitiveness was such that it could only be used in a 
room at some distance from the large electromagnet, and arrange- 
ments had to be made for signalling to the operator who reversed the 
current. On this account the measurements consumed much time, 
and were only made for the purpose of checking the readings obtained 
with the other galvanometer. The Broca galvanometer was calibrated 
by the use of the standard condenser and by the steady deflection 
method. The quartz fibre suspension made the latter quite reliable 
in this case. The two methods gave values of А differing by % per 
cent., the condenser being the higher. 

The ultimate electrical standards used were some Clark and Weston 
cells which were in close agreement, and a resistance box—by the 
Cambridge Scientific Instrument Company, which was checked at the 
National Physical Laboratory. A Siemens millivoltmeter with shunt 
and series resistances was used for most of the actual measurements of 
current and potential; its readings were checked and corrected by 
comparison with the ultimate standards. 


* The effect of this was eliminated to a great extent by observing the total fling 
(sum of right and left) which followed breaking the current in the galvanometer when 
the latter was deflected. The steady deflection was taken to be half this total fling 
when corrected for damping. 
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APPENDIX II. 


SLOW GROWTH OF FLUX IN THE LARGE MAGNET. 


Since the magnet limbs and pole-pieces are solid and of consider- 
able size, the reversal of the current in the coils is followed by the 
generation of large eddy currents which take some time to die out and 
delay the change of flux. In order to get a rough estimate of the 
magnitude of this effect the experiment was tried of reversing the 
magnet current with the galvanometer circuit open and closing 
the circuit, by depressing a key, 2 seconds after reversal. The fling 
of the ballistic galvanometer then corresponds to that fraction of the 
total flux change which remains to be completed after 2 seconds. The 
time was roughly estimated by watching a seconds pendulum. It was 
found that using a current of 5 amperes, obtained from a source of 
5o volts, with the flat pole-pieces } in. apart, the fling obtained after 
2 seconds was about 5 per cent. of the total observed when the galvano- 
meter circuit was kept closed during the whole period of flux change. 
Under the same circumstances, but using a source of roo volts with 
external resistances, the percentage left after 2 seconds was rather 
smaller, a result due to the diminished effects of self-induction. These 
experiments were made with the usual test coil, and with a brass dummy 
in place of the test-piece. 

In order that the ballistic galvanometer may correctly record the 
flux in a coil connected to it, that change must be completed within 
a period which is small compared with the period of oscillation of the 
galvanometer. The latter period in the experiments here described 
was about 15 seconds, which is longer than usual, but not sufficiently long 
as compared with the period of the flux-change to preclude the necessity 
of a careful investigation of the effect of the time of growth of the flux. 

A determination of the actual flux in the air-gap was therefore made 
by withdrawing a coil from the field. The coil used for this purpose 
was wound in one layer on a circular former about 4 in. in diameter. 
A large coil was used in order to reduce the effect of the field embraced 
by the leads. The current (4:9 amperes) was put on with the coil in 
place between the flat pole-pieces (which were { in. apart), and the coil 
was then rapidly taken out by hand, removed to a distance of some 
inches, and placed with its plane parallel to the axis of the magnet poles. 
The whole operation occupied less than 1 second. The flings observed 
were 125 divisions with the current in one direction and 127 divisions 
with the current in the other direction. The flux change produced by 
reversal, therefore, corresponds to a fling of 252 divisions. The fling 
actually obtained by reversal of the same current with the coil fixed 
in place was 235 divisions. Under these circumstances, therefore, the 
galvanometer underestimates the flux change in the air-gap by 17 
divisions, or about 7 per cent. In this test the source of current was a 
battery of so volts E.M.F.; by using тоо volts the error was reduced to 
about 5 per cent. 


1910.] THE MAGNETIC PROPERTIES OF IRON. 278 


With the conical pole-pieces and a large magnet current giving 
a field of over 20,000 lines, the difference between the values of flux 
density obtained by withdrawing a coil from the field and by reversing 
the current with the coil in place, was less than 2 per cent. The smaller 
difference in this case is doubtless due to the fact that the tips of these 
pole-pieces very soon become saturated, so that the greater part of the 
magnetic force in the air-gap develops in a very short time, and only 
a comparatively small proportion is added after the galvanometer coil 
has begun to move. 

The experiments hitherto described in this section refer to the 
measurement of H or the field in the air space when no test-piece is 
there. They show that the errors in the determination of this quantity 
caused by the slowness of flux change are by no means inappreciable. 
It happens, however, that these errors do not appreciably affect the 
determination of I. The reason of this is that the magnetisation of 
the iron or steel test-piece is almost completelv reversed in a very short 
time. Within less than a second after the reversal of the current the 
magnetising force has attained a value sufficient almost completely to 
saturate the test-piece in the reverse direction ; and the change in the 
magnetisation of the test-piece corresponding to the latter parts of the 
change іп Н isa very small proportion of the whole. The fling produced 
by reversing the current with the test-piece in position is made up of 
two parts, the effects of which can be superposed by simple addition. 
The first corresponds to HS’, the second to 4x IS. The first part is 
(apart from end effects) the same both as regards total amount and as 
regards distribution in time as the flux change when the test-piece is 
replaced by a brass dummy. It is underestimated to some extent 
owing to the slow growth of flux, but to the same extent whether the 
test-piece or dummy be used. The second part, дт I S, is the additional 
flux due to the magnetisation of the steel-piece, and this change is com- 
pleted in a time so short that the ballistic galvanometer records it 
correctly. In taking the difference of the flings with and without the 
test-piece the error in measuring HS’ cuts out, and the difference 
(after allowing for the end correction) gives a correct measure of 
415. 

As stated in the text of the paper, the value of I was determined 
for a number of pieces with another galvanometer having a period of 
30 seconds. It was found that the value so obtained agreed within } per 
cent. with that obtained with the shorter-period instrument. The fact 
that the result is independent of the period of the galvanometer shows 
that the retardation of the flux is without effect on the measurement of I. 


ADDED FEBRUARY, 1011. 


In view of the discrepancy between the value of the magnetism of 
pure iron obtained in this research and the values of the same constant 
found by some other observers, it was thought desirable to make a fresh 
measurement in which any possible effect of reversing the magnet 
current should be avoided. For this purpose arrangements were made 
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whereby the test-piece could be withdrawn from the test coil by sliding 
it in the direction of its length through a hole bored jin the pole-piece. 
A piece of Low Moor iron was used, rj in. long by 4 in. diameter, 
and it was placed between the flat parallel pole-faces of the large magnet 
used by Mr. E. F. Clark, which is referred to on page 252. It was in- 
serted into a brass bobbin wound with a coil of about 70 turns. The 
coil was connected to a standard inductance and to a ballistic galvano- 
meter. The withdrawal of the test-piece, being equivalent to the sub- 
stitution of air for the iron within the test-coil, gave a fling which was 
a direct measure of 4x IS. The exciting current of the magnet was, of 
course, kept constant during the operation, and the piece was with- 
drawn just so far that the end was flush with the face of the pole-piece 
through which it had been drawn. 

The value of I found in this way for Low Moor iron was 1,665 in a 
field of 3,000 C.G.S. units. The same piece tested differentially by the 
reversal of the exciting current of the magnet gave I equal to 1,656. 
The difference between the two methods, amounting to about { per cent., 
undoubtedly exists, and is to be ascribed to time lag, but is of no im- 
portance for the presentresearch. Ina field of 5,000 units the difference 
would be considerably less. 


APPENDIX III. 


CALCULATION OF EFFECT OF ENDS OF SPECIMENS. 


It is desired to find the average force parallel to the axis due to 
distribution of magnetism of uniform density + I respectively on the 
circular ends of the piece. 


The potential of one of the circular patches of magnetism at a point 
P (Fig. 18) is— 


a 6 
Vaan [1g ideo „11-3 р,_ 7 
where a is the radius of the patch, OP =r, and P, P, ... are zonal 


monics. The total flux from the patch through the circle PP’ 
(radius c) is— 
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The total flux through a helix of radius с, extending axially from 2, to z,, 
and having » turns per unit of length, is— 
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or, sufficiently nearly, the average flux per turn of the helix is— 


um I ac 
2 16 7? 


Zt 


eI MER: 


For coil A (inner coil), we have— 

2,220770, r, =1°48 a, с==гза 

2,722334, 7,735584, 
from which it follows that the average flux per turn is o'gr X 4x? a*. 
With two end patches of magnetism of density + 0:8 I, the average flux 
per turn will be o'182 x 0°8 x дт15 201146 X 47r IS, S being the area 
of each patch (xa?). The difference fling D in this case is therefore 
reduced by 14:6 per cent. of 4 IS below what it would be if Н were 


unaffected by the end patches, and the correcting factor is stag 1'17. 
For the outer coil of a the data are— 


2, = 0'74, 7, = 1'885а, c= 1°75 4a, 
2, = 33а, Ta = 3'7494, 
whence it follows that the average flux per turn in the outer coil given 
by patches of density + 0°81 is o'2140f 4r IS. Inthe annulus between 
the coils it is 0-214 — 0°146 =0'068 of 47 IS. This is the reduction in 
the fling due to the annulus, produced by introducing the iron piece. 
[n the experiment described on page 243 the fling corresponding to 
415 was 140 divisions, and o'068 x 140 = 9'5, which is the figure 
gven in the table as the calculated reduction. 
For the other coil B the data are— 
Inner coil  ... с= 11га, r,—1318, 7r,—348a, 
Outer coil ... c-—175a, r,-1r48a, Рр, = 355а. 
And for both coils— 
2,220740, 2,-— 33а. 
The flux in the inner coil due to uniform distributions + 0°8 I is 11 per 
cent. of 4 x I S, and in the annulus тоф per cent. 


[ Dec. 8th, 


| 

'O 084 | | 
je pajvauuy 

| 


| 


HADFIELD AND HOPKINSON : 


276 


| 
C32ureg) 


| 


= | с.66 


t. L6 
¢.66 
2.86 


O.OOI 


0.001 


бот = 
Boles чол] ang 
(пән 
ээлод тен, (uonemyes) 
94191900 |‘uspyauseyy| UiStioude W 
JIANLIN ОУС: 


'OOI = 


| 


166.0 — 
og6.0 — 
| 
| 
£g6.0 | — 
£66.0 | — 
886.0 — 
996.0! | — 
066.0 | — 
| 
obg6.o | — 
И | d Соо. о 
0966.0 | Í droo | 
d £10.0 | 
0986.0 | S т10.0 | 
|| d 00.0 
озор i S $00.0 | 
suwaq 
"Ajsuoq BO 
IAEA E 


AI XIANJddV 


— oSz.o |, 090.0 | £g.0 
£10.0 | OOI.O |OOI.O | 82.0 
— I£o.0 | Z£0.0 | £t.0 
— | 00z.0 | ogf.o | 4#.0 
— | Il — | 9z.0 
— | 08.0 Z0.0 | 02.0 
— 25.0 82.0 | 61.0 
¢Z1.0 | L0.0 80.0 , t1.0 
| ! 
= 9f0.0 tr.o | £0.0 
— о81.0 гоо“ 
— әде, | 40.0 | fo.0 
е = | i == 
IV | UN | IS ә 
'8sisíeuy 


“NOSUVD NOU] 


JOOW MOT] 
JOO]N №07] 


q 
e) SS 
‘Tors 


"Кон 


"Чең SAEN 


ы ч testi >» ON 


"P[23gpep pue ‘umojg ‘Jpeg Aq uoA1S sainsy ay} 
шозу paje[no[E2 st рие 'p[oy jeu) ш иол aind jo yey} ој [ешәјеш эц) Jo Áj[rqeounjod ay} jo orta эці si Sb = H 10) шѕпәидеш savas au], 
018.1 se мәлїй Suroq "T 9S Jo jeu) 's1nseour ojn[osqe ur әле имоя Ад UDAIS sanisuap au 
*Fg.Z SEM suorsuounp рие ZYSIO.M əy} шоу poje[no]eo Ajyisuap ojn[osqe asoyM '[''S jo әзәта v jo suiJ3j ш po3jejs 51 Ájrsuap әлцерәл ou, 


277 


THE MAGNETIC PROPERTIES OF IRON. 


1910. ] 


000'g = H uayA | 
8.64 'usmnoausey j 


лед “ur 
‘jogu | 

шол} уицәшДез 
6.88 | 

ој 1.48 ‘sasaid 
2314} jo uvoW 


`О 084 ) 
је payvouuy j 


*2j 064 \ 
je pojeauuy j 


60.0 


“ 


“ 


96.1 
#©.1 


“ 
“ 


CZ.I 
60.1 


eee eee aoaid pit “og 
ae '*' 923td puosas “og 
(> "* (uaou пәцл\ | 
Г poupuanb) чол YSIPIALS IYAN ] 
* 32aid puosas “од 
| "+ (Burdsrpyos ләўуе snf | 
peysuanb) пол YSIPaMS ЧМ 
** aoaid puooss “од 


St.€ | (payeauuy) иол usrpaAg INYM 


C(O 0021 Je pououonb) Я 161 
(СЭ «ooz'1 је payouanb) Я 16£1 


(О «oSo'r ye pauouonb) Я r6£1 


( ‚+ T TP ( 3 0068 
1 шозу ээеилту ш! 1000) g 16©т 
jr Ho (О 068 


| u101j ә2ЕЦІПу ut Рә[ооэ) q 161 j 


( ә 2080! I ui01j payduanb) о гб 
p 7) o0€g 3€ рә[еәиие) 5 z6£1 

** (po8340j se) x) zó£I 

*** "L c6€I 


(“О .0So'r je paysuanb) y z6tr 
CO 644 үе paysuanb) я гб 
(О 544 ye payouanb) y z6£1 
eee eee eco TP a cott 
"(C 2058 1? pajvauur) v có£1 
"* (рәЯло)у sv) v zóft 


2 LI 
9 LI 


v LI 
q 91 
v 9I 
q S1 
v SI 
Я AIX 
D AIX 


PI 


9 £I 
D tI 


IIX 


ZI 
Q II 
v II 
OI 


XI 


26 
96 
v6 


SoU 
o 20 20 


[Dec. 8th, 


HADFIELD AND HOPKINSON: 


278 


¢g.0 | o. S6 9.26 $96.0 
— |! — 6.S6 416.0 
dE за 8.6 £96.0 
— — o.£6 896.0 
Sh И 6.96 186.0 
— — 8.96 tZ6.0 
— — 9.96 646.0 
06.0 о.86 1.96 646.0 
— — 2.06 856.0 
— — 0.68 $6.0 
ms = t.96 gS6.0 
— — $.06 726.0 
ч и 8.#6 086.0 
©#.9 ¢.€g 1.66 186.0 
x m z.66 L96.0 
9C.z o. £6 9.96 $26.0 
— — 0.46 966.0 

= 2.16 “ 
ob.£ С.26 2.96 66.0 
a — o.SZ F6x.0 
— — c.69 €66.0 

*'001 = 

'(2utg) р клы пол] әта Хүпә 

92104 hoe '(uontinjes) ЗА рш 


9412420) \апєрәпйер| USnoudegq 
ӘАҢ ә JANELLA 


"вұџәшәү4 


'sisájeuy 


(рәпициоә)— AI XIGN3ddV 


ого °° Ө (рәцоз sv) H 868 v £t 
Lo.0 | oes eve us W 868 ze 
11.О DI one Я 868 ІЁ 
“ n о 2050! I je рәцәцәпЬ) ‘I 868 оё 
“ * әэәій puosas “oq 262 
“ “+ (O«00g үе payeauue) T868 | 96= 
t£o| ~ ^ T868 | v6 
02.0 | Uto 0t 078 868 82 
* mm * әэәні puodas “од 9 22 
“ e С ^ обо I M payouanb) fog о Lc 
[9.01 | = tog 9° 
| ‘NOOVIIG NONI 
Q9. ro cn з oes Я c6£1 Sz 
OZ.I | — m aes ‘eos tIio tz 
So.1 eee T eee one £19 £z 
сло | + d Pe + Vozbr zz 
QS.0 m ke ёне 119 IZ 
? | jue - (a2aid puo»os) 9 9 oz 
oS.o | ~ ope Ed 
bol == oie ase tor/Zbib бї 
“ i * goad puooos “og 9 81 
(c see ** (uəyow 
9o. | usq pououonb) иол 4529 j ia 
*panitju0J—NOGUYD NONI coe 

б) 

"геу $,19X€ JN ‘ON! 


THE MAGNETIC PROPERTIES OF IRON. 219 


1910.] 


— — ¢.zg £66.0 | 19 55.6 — 01.0 St.o | бол | '"* sir = ° N LLII 
— — н og6.0 — І e i ssa ""(aoojd puooos) I 2211 
— — o.£6 zgó.o | хуёг.© — Sz.0 z£.o | ро | °° vee IZII 
— — о.©8 о8б.о | 15SZ.1 — 82.0 61.0 | 8g.0| ^" xs e on £66 
'AnINONH]) NOU] 
— S.o 0.0 #186.0 — — 06.81 — | Ф6.1 | c7 gus ens оне 865 
— 8.0 ©.8 k == — cc.S1 | br.o | 06.1 из Si ses ot 
— L.0 o.S1 og66.0 — — 00.£1 — | 92.0 zg gti 
"To's јо 9% 
uet sso| [е ! pa — — — OO. I — — v9.z1 | — €z.1 one “ee “e  '"L'/AAOIOI 
-]99) 59291 әл E Nu КЕ m = _ " e " l ө (пе ш pajooo 
рие ssoupa1 oj рә}еәц) Я or£r 
— — g.1b — == — di — “ sas aod puooas “oq 
° — — o.zt — — = £S.11| — |оол | °° ane Яо 
00.02 | o.tz o.tZ о©86.о — — oo. Z — OO.I | °° zh : + vSb6 
09-61 | S.6b 9.16 076.0 — — 89-6 | oor.o | 9t.o be 
— — £.tS ot96.0 — = Ig.£ — 84.0 Ig£I 
0-9 3/8 о.56 0686.0 — — €z.z | o£0.0 | Ib.o £S 
== = S.t OZOO. I — == [2.61 | — Ст.О а 6Z£1 
— — S.bb 0$66.0 — — 80.0I | о©о.о | 91.0 а 6 
= == 9.£6 0966.0 — — ob.S | oZ£.0 | Sr.o 2 ©єЄї 
— — 6.06 0636.0 — — oS.€ | otI.O | 80.0 cg 6Zt£1 
‘ASANVONVAY NOU] 
— — 2.92 118.0 — — — i — | '* = әоәта puosas “oq 
= EN 22 = = “ _ |! (8шАудрцо ләўуе jsnf 
0:04 268.0 | варна чол Ig ‘ua Jad © 
ЗЕН Е = __ "0 058 шолу 35euing 
S 7 0:98 096-0 080.5 | ul рэ[ооэ) пол tg *juao Aad © | 
ЖЕ = 6.56 646.0 - « — “ “ "* (pareauue) ү +681 | 
"s == o.S6 //6.0 — 96.0 — ogz.€ | S.o | ~ "*  (penorse) y Форт | 
i — 0.26 096.0 — — " T “ i(:550S0o'ruio1j peuouonb) H 868 ! 


HADFIELD AND HOPKINSON : 


Р.С o.Sq c.tó S£66.0| n96óbz | — | zf. | Loo] 6S.0; °° et en " gqtgzi 
o.S o. lR £.S6 #8/6.о | по 65.1 | — | 9£.0 | 0.0 | 99.0] '" et e "+ v Восі 
| 'H3dd07 NONI 
co.6 0.16 ©.гб Zzo.t | MZt.Z — 02.0 11.0 | gf.0 | °° ө е =. ег бет 
£4.S $76 S.S6 600.1| Aot.t — 82.0 90.0 |+82.0 | '"" ses “+ Н #6 
62.6 46 ¢.g6 900.1 | MOLI — 11.0 $0.0| 91.0 | ^" oes р Tq #621 
; "NALSONAL NONI 
__ Ж "* (9,08€ шолу де 
== = we 9t0.1 | IN 86.61 FEI g*.o | ш popooo pue pa310J) *H q6Z1 | 
06.0 o. Z1 0.tz 100.1 | tn ob.1€ = 28.0 — | 02.0 sue «n e v6bti 
сз = “ CIO.I T == “ “ je a ia ще ш pa[ooo 
; | pue ‘D .9S¢ 0} pajeau) Т Lgzi | 
06.22 0.52 0.19 666.0 | iN IS.tz — 00.1 of.0 | 91.0} '* nS "s л. ERZI 
00.0 o.9t 9.49 686.0 | iN $9.01 — £6.0 [2.0 | 61.0] з ae eu e У 4821 
ob.zz б.е £.tg 446.0 | 1N gO.ZI — 19.0 99.0 | 260 ' > "s sre Яя 
СЕ. LI Sep 0.96 166.0 | IN 6£.11 — £6.0 £c.0 | RLO, ^7 os pes "* IZget 
94.2 $96 S.g6 £g6.0 | IN г8.# — €9.0 ог.о | 61.0 | т Seis "e "* ERZI 
19.2 $0 0.96 986.0 | IN 76.1 — с.о 12.0! f1.0 | c7 tg: ^as а 4821 
— g.66 0g6.0 | IN 82.0 — 6£.0 gr- | бо °° bu ss а гб 
— — 9.#6 186.0 | iN 94.0 — — e 52,0. .- t** "s di: "* gocti 
— — C.96 066.0 | IN 85.0 — 81.0 ЄЄ.о | ого] >> ae ave + g Z6£1 
ламу NOM] 
"001 = oor *sjua3ui3]4 А | R ; ; 
"Gioueg)| "зер | чол әта | -<ysuaq 49410 2i | "S 3 6 
932404 Hm *(uonvunjes) әлцеЈәу HIC SIAE 
24193209 usnaudep uispoudeqy : 
ANEA DAIPLIY sisé[euy 


‘(panutju02)— AI XIGN3ddV 


THE MAGNETIC PROPERTIES OF IRON. 281 


1910. ] 


0.06 


0.06 


г.с9 


рани атри «инер еле "—À— mme чети A cm, atur, sy, Ни че 


— om, 


10 10.2 | 
IN Фе. 21} 
1) 1b.t ) 
IN 09.2 
JO IZ. I 
IN oS. € 
19 64.1 
IN Z2-£ 
X) SS.1 | 
IN 20. 
1908.1 | 
IN 09.2 ) 
JO 00.2 
IN 26.1 | 
1) $9.0 | 
IN 49.2 | 
ione] 


IN 96.1 


OI.I 


ЄЄ.о 


II.O 
о 


Ж 


8I.O 


des 
|o 
| 


61.0 


/т.о 


eee TT "TP eee oSt1 bg 
TP T eve TI a OIcI £g 
nn eve vee tezi eg 

: жо ous О | 18 
"T eco eee eee CLLI | og 
eo * nmm 3 981 6L 

: . ' oghi 84 
eee eee ecc eee V 9821 LL 
. eee £991 9Z 

'N2-IN. NOU] 
"TS T "T "Te g АЧА CL 
‘NHaddOD) TAMSIN NOM] 

ee . M ¿QII q tL 
s : ' 4 4911 v tZ 

* i ` а 4911 €Z 
T" „эө ЕН 1911 9 zł 

. oe tH 1911 D zl 


"MDININODIY NOU] 


о fozi 14 
‘AdddOD SSSNVONVIN NOU] 


19 


VoL. 48, 


J 


[Dec. 8th, 


HADFIELD AND HOPKINSON : 


282 


*OOI = 
uol] эзпа 


'Q39231eg) | -Qyaueg) 
39404 


СР= 


c.€ 666.0 
о.© t46.0 
LR 186.0 
ОКУЛ 126.0 
8. 466.0 
С. ZIO.I 
c.t too.1 
S.I Loo.I 
О.І L10.I 
“ t66.0 
©.о L66.0 
Z.I 096.0 
C.I SIO.I 
z.06 $66.0 
8.86 £66.0 
7.62 880.0 
$. tO tZ6.0 
£.96 zL6.0 
`ООТ = 
UOJ] 31nq Хұѕоәа 


'(uoranjeS) | әлеу 


IAP) "uspousegq| WSNIUREW 


danriay 


элпә 


10 09.£ = 95.41 | ob.o | 88.0 
10 22.6 — 09.2 $7.0 | €1.1 
12) 26.8 — 60.¢ — | of.1 
1) $6.4 — 6t.t #/.оО | $1.1 
IN o£. tc — Я — | 81.1 
IN 16. 21 — со. 9 — | 00.1 
IN SS.t1 — to.S Р.о | 09.0 
IN $z.6 — of.£1 | 04.0 | ot.1 
IN 46.2 — 00.8 — |121 
IN /8.Ў — 90.1 09.0 | 84.0 
IN 42.0 — 64.0 Ш 61.0 
IN Z6.£ -— SZ.t 1£.o0 | 26.0 
IN ESE — 08.0 zz.£ | 22.0 
IN 0£.£ — | #6.0 Lo.z | g£.o 
Е ту "Ux чє 5 
‘sish[euy 


(рәпицио2)— AI XIGNAdd¥ 


ого 
029 


бү ЄЄгї 


'H3-NW NOU] 


ofti 
у bzi 


"gtiti 


"gtifti 
* ytti 
бу 


eee 


С 6011 
б сутт 


Ot£I 
OEFI 


= g 491 
"* Y 821 
' 9 rz! 


'NIK-IN. NOU] 


aoe 


Ope S J3AEN 


288 


THE MAGNETIC PROPERTIES OF IRON. 


1910. ] 


2.98 


2.06 
2.98 
2.88 


4.16 
b.£6 
9.16 
z.S6 


LT a edd 


oC.0 


ZZ.0 
ot.o 
бе.о 


80.0 
21.0 
81.0 
Lo.o 


90.8 
10.2 


06.1 


#С.о 
22.0 


6€.0 
I£.0 


Lc.t 


06.0 
15.0 
22.0 
©о.1 
64.0 


ob.o 


"* усет 


ng- NOM[ 


mm JI Cert 


"IS-N) NOU] 


ZIS 
816 


T 4 8411 
* ARII 
я б/т 


"ec Я 8411 


"IV-N7 NOU] 


‘AD-NW NONI 


IS-NXW NONI 


D 


"* V OOZI 


] obzr 


109 


я Ettr 
Я ChE 
у 
бу EbEI 
~ gofri 
TS 489 


"MNA NOU 


Cit 


cri 
III 
OII 


601 
got 
Lol 
gol 


Cor 
tor 


fol 


— — — € ~ 


[Dec. 8th, 


HADFIELD AND HOPKINSON: 


284 


'001 — 
полу әл 


94193300 5ursnsuzej 
JANEN 


‘oor = 
полу amg 


WSIE N 
JANEY 


guu 


uonrmyes) Sneed ME n 


'(ponumu02)— AI 


‘sisjeuy 


XIGNAddV 


eee eee eee РГ 
"*V-NW-IN NOU] 


** g Phi 
ecc Ө ае 


'02-NW-IN. NOU] 


ecc ecc д 6oz1 
ove eve 2 60Z1 


'IS-NIN-00 NOU] 


6 Gelli 


eve g OgII 
"M-80 NOU] 


"леу { в ләңер 


1910. THE MAGNETIC PROPERTIES OF IRON: DISCUSSION. 285 


DISCUSSION. 


Dr. SiLvaNus P. THOMPSON: I am sure we shall all join in con- 
gratulating Professor Hopkinson and his absent colleague, Sir Robert 
Hadfield, on the completion of this elaborate and valuable memoir. 
We have had more than a hint of further results in hand, and we shall 
certainly await them with great interest. The results before us go a 
long way to confirm not only the facts already collected by numerous 
observers, but the tentative theories put forward by Ewing to account 
physically for the various facts. Опе could hardly desire stronger 
confirmation of that theory in its main outlines than the observations 
which are now put before us, establishing, as they do clearly, that the 
saturation value of the intrinsic magnetisation is practically, when 
high enough, a constant—as it ought to be if Ewing's theory is 
adequate. I feel inclined to ask Professor Hopkinson whether we 
might not have a little more statistical matter added to the table, for 
the length of which he has already apologised. I do not ask him to 
add to the length, but to the breadth of it. Interesting as these figures 
are, they do not tell us up to what extreme value the magnetising force 
was carried. We have been hearing of 5,000, 10,000, and 25,000 as 
the values of H (values which are unusual for most of us), and I should 
like to know whether values of that kind were actually applied to these 
specimens in the tests represented here. Further, I wish there were a 
column added which gave the ultimate permeability to which these 
specimens were reduced. We want to find, for example, whether the 
permeability has come down to less than 2, or to anything like 1j. A 
constant value of 1:3 was the figure given by the late Dr. John Hopkin- 
son, and 1'4 by Ewing for Hadfield's manganese steel. But that has 
always bcen to us more or less of a difficulty. It is very difficult to 
understand how that steel could be what it was if it had a constant 
permeability, and did not, like all other varieties of iron or steel, have a 
diminishing permeability in very high fields. However, the present 
researches have dispelled the difficulty by showing that those figures 
were not final, and that now we have to deal with a permeability that 
diminishes as the flux density is increased ; which again compels me 
to ask, To what figure is that permeability reduced at the extreme 
case? It is not without interest to know in relation to some of these 
experiments, because if it be the fact that the permeability of the iron 
or the steel when pushed very far comes down to a figure between 2 
and r, not differing very greatly from air, then there will be little need 
for any correction in these specimens, and one might assume that the 
surfaces of these coned ends respectively on the right and left of the 
specimen were practically two surfaces of equal magnetic potential, in 
spite of their being bridged across by the piece of iron. 

In the results given respecting quenching, the authors frankly say 
they find difficulty in interpreting the results because they differ in 
different pieces of the same specimen. They are specimens apparently 
not sufficiently homogeneous to enable a sound conclusion to be 
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Dr. drawn. I venture to hope they will go on in that inquiry, because it 

Savann, iS very important to be able to establish a relation, if there is one, 
between the magnetic state and the supposed phases of iron when 
quenching at different temperatures, and to know what that relation is. 
Metallurgists are talking about alpha and beta and gamma iron, and 
saying that when it is heated above a certain critical temperature, Ar 2 
or Ar 3, the iron changes from alpha to beta or from beta to gamma ; but 
if you quench it suddenly when it has reached one of those stages it 
retains its particular state. Gamma iron is thus supposed to survive 
down into the cold temperatures. If it does so it will very shortly be 
capable of being sorted out from the other constituents by some simple 
investigation like this. It is a most important point. Professor Hop- 
kinson has told us a very important thing, that every single specimen 
of iron or steel behaves magnetically as the sum of its separate con- 
stituents with their individual behaviours. If there was nothing else 
than that in the paper, I think we could congratulate the authors and 
say they had established a very important point. Lastly, I notice that 
Professor Hopkinson made use of an extremely useful phrase, which 
we all use in one or another connotation. He spoke of certain speci- 
mens being obviously “ magnetically hard," apparently because when 
pushed up into a field of over 2,000 they had not yet become saturated. 
Does he mean that as a new definition of magnetic “ hardness"? Isa 
substance henceforth to be called magnetically “ hard” if it does not 
attain saturation in any field under 2,000 ; or, if that is not the defini- 
tion, what is? I wish to have a numerical distinction as to what is 
magnetically “hard” апа. what is “ soft," and I think we have cause to 
ask for it now, because the data are before us. | | 

Mi. Sears. Mr. J. E. SEARS: I should like to ask the question, whether it has 
yet been proved up to the hilt that a compound does behave as a 
mixture. It seems to me there is a possibility, for instance, in the iron- 
carbon series, that it may not actually behave as a simple mixture of 
iron and iron carbide would be expected to do. Professor Hopkinson 
has calculated what would be tlie magnetism of iron carbide—in a mix- 
ture of iron and iron carbide—on the supposition that each is unaffected 
by the other, but it seems to me that if only one could isolate the iron 
carbide something quite different might be obtained. 

Another question I should like to ask—this is rather a personal 
matter —is with regard to the iron-nickel specimens. I see the mag- 
netic properties have been investigated up to something like 24 per 
cent. of nickel. I amrather interested myself іп the higher percentages 
of nickel-iron alloys, and should like to know if any experiment was done 
on these, and if so with what results. 

Nt А Mr. W. М. Мокре: As you, sir, have called on me I will say a few 
ordey. К Е è : 

words, although I must apologise for speaking on this paper without 

having studied it beforehand. I think we must congratulate ourselves 

on having a paper of this high quality on this subject and from a son 

of John Hopkinson—from the successor at Cambridge of Ewing—and in 

collaboration with Sir Robert Hadfield. The paper is of wide interest. 
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It appeals as much to physicists, metallurgists, and chemists as to us. M 


I believe this paper will hereafter come to be regarded as of great 
importance—for the discovery of what is a new physical fact in 
magnetism : that these materials behave as if they are composed simply 
of a mixture of magnetic substances with non-magnetic substances. 
The relation shown in Fig. 6 is very striking. The research and the 
reasoning seem to me to throw a great deal of light on much that has 
been obscure in the magnetic action of more or less pure iron. As 
electrical engineers we are always trying to see how the results of 
physical research will help towards the practical purposes of the elec- 
trical industry. We realise how important such research may be in 
these matters when we see how in a few years an economical result 
represented by the yearly saving of many thousands of tons of coal has 
come out of a previous research, that of Hadfield, Barrett, and Brown, 
on this same series of iron compounds produced by Hadfield—the 
paper referred to by the authors. I allude to the reduction of iron 
losses resulting from the addition of relatively large amounts of 
silicon, which increased the resistance and reduced the hysteresis. 
It is interesting to find that, after all, pure iron gives the highest 
"magnetism." I may, however, point out that for some important 
purposes pure iron, even if it could be cheaply produced, is not a very 
satisfactory material, as it “ages” so much—it is very unstable in its 
hysteresis, and can hardly be touched, or even warmed, without changing 
for the worse—and its specific resistance is very low. This sensitive- 
ness only applies to its hysteresis; its resistance and permeability seem 
to be almost constant—certainly they are not much affected by anneal- 
ing, which may change the hysteresis very much. I would like to be 
allowed to suggest to the authors a line of further research—an 
examination of these materials, or others, with a view to finding one 
with a high permeability at very low values. At medium inductions— 
say B= 4,000 to В —6,000—we get a permeability approaching or 
even exceeding 4,000; the maximum is usually at about B — 5,000. 
This is not very useful, as such inductions are not much used in prac- 
tical work. What is wanted for certain purposes, such as the “loading” 
of telephone or telegraph cables, is a better permeability under very 
low forces, say less than ті; of a unit. This is perhaps a more hopeful 
direction than a search for improvement at the higher values. Such 
a material should have a high specific resistance ; its hysteresis should 
also be low, although that would perhaps be of small importance, as it 
would probably disappear at the working range of induction. 

Mr. W. H. F. MURDOCH : I have only one or two remarks to make, 
the first regarding equation (1). This equation follows at once from 
the molecular theory, and it would be interesting to have some data 
regarding the percentage accuracy obtained in applying it. Con- 
cerning the ballistic method of testing, it has always seemed to me 
that a method where the magnetic fields were reversed absolutely 
or the specimen reversed is a somewhat unsatisfactory way of testing 
iron, lt appears to me that in that case the iron is being tested under 
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impulsive forces instead of under a constant H, which is what is more 

often wanted in practice. Some time ago I made a rough instrument 

for testing specimens by another method, in which this ballistic change- 
over method was entirely evaded, and read a paper on it before this 
| Institution, but I have not had time since to perfect it. 

Mr. Main, Mr. S. A. Main: I have had the good fortune to be connected with 
some of the work done by the authors of this joint research, and it has 
been a great pleasure to me to help in the preparation of the speci- 
mens, which have given such important results. I am sorry that Sir 
Robert Hadfield is unavoidably absent, and am sure that he would 
have liked very much to have been here. As will be seen in the paper, 
all the analysis and other chemical tests, the preparation and heat treat- 
ment of the many specimens experimented upon, and other work, were 
carried out at the Hecla Works, Sheffield, the electrical work having 
been done by Professor Hopkinson. 

Mr. Stoney. Mr. G. STONEY : I think this is a most remarkable paper, and may 
say it is the second paper we have had on this great series of alloys 
which Sir Robert Hadfield has prepared. Some years ago we had 
a most interesting paper by Messrs. Barrett, Brown, and Hadfield on 
the same subject,* and the value of those researches was pointed out 
by me among others at the time, and a forecast was given of the 
commercial value of them. The very low hysteresis obtained from 
silicon and also from the aluminium alloys was pointed out, and also 
their high resistances, and in that paper the specific resistance of 
many of these alloys is given. These alloys, as Mr. Mordey has 
pointed out, have saved many thousands of tons of coal. There is a 
further point which is of great interest in these alloys to us as elec- 
trical engineers, namely, the non-magnetic ones. I only wish that this 
research could be further pursued so as to get à non-magnetic alloy 
which could be machined, and this would give us опе «thing further, 
a non-magnetic steel with 35 or 40 tons tensile strength and 30 per 
cent. elongation, such as could be used for high-speed armatures and 
rotors. I think it is quite possible and probable that such a material 
would be cheaper than manganese bronze and more reliable. Professor 
Hopkinson has given us a hint as to how, possibly, one of these alloys 
may be made non-magnetic by heat treatment. Will not the same 
heat treatment give us an alloy which is soft so thatit can be machined, 
and then, by suitable heat treatment, be made non-magnetic? I only 
hope that this is a line of research which will be pursued. 

ос Professor J. T. Morris: This paper apparently gives us а real 

orris. s A 

connection between the constitution of a body and the amount of 
saturation magnetism which can be developed, and that seems a great 
step in the direction of obtaining a sound theory with which to guide 
research work in magnetism. On reading this paper, many further 
pieces of research at once suggest themselves. I should like to ask 
whether the saturation intensity of nickel and cobalt has been deter- 
mined, as it would seem to be of importance in connection with the 

* Proceedings of the Institution of Electrical Engineers, vol. 31, p. 674, 1902. 
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theory of nickel alloys, more especially as the authors point out the Professor 
fact that “ Among the alloys there are one or two whose magnetism is ME 
greater than the sum of that of their constituents taken separately." 
Further, it has often been noticed that the action of manganese in 
magnetic affairs is extraordinary, and one has an idea that manganese 

or some simple combination will some day be found to be a magnetic 

body. As is well known, its atomic weight is verv close to that of the 
magnetic elements, iron, nickel, and cobalt ; and of course it is possible 

that at very low or high temperatures it might be found to be mag- 

netic. A study of Heusler's magnetic alloy (manganese, copper, and 
aluminium), which contains no magnetic element, though it acts as a 
magnetic body, might throw light on the subject. 

With regard to methods of producing high flux densities, my 

brother, Dr. D. K. Morris, some years ago sketched out an arrange- 
ment for getting fields of the value of 20,000 by means of a transformer. 
The method of testing that hc suggested is one in which an alternating 
current was used. This at once introduces some complications, but at 
the same time does away with a number of the difficulties which the 
authors have experienced. Another method would be to employ a 
large battery supplying an enormous current through a single con- 
ductor and to use specimens in the form of little washers threaded on 
to the conductor, a supply of water being forced through this tube to 
keep the conductor cool. Professor Hopkinson has told us that he is 
engaged upon some work on the effect of temperature on the satura- 
tion intensity of iron. It would be interesting to know how it varies 
with temperature, in order to see if the value of the saturation intensity 
reduces to nothing at the critical temperature of about 780°C. I think 
it would be of interest if, with regard to the curve given on page 250, 
some idea of the compression pressure were given, so that we might 
know whether it is an easy one to obtain practically or not. 

Mr. T. HARDING CHURTON: I should like to ask whether any Mr. 

А А К v . Churton. 
investigation has been made as to the change, if any, in the molecular 
structure of specimens which have been subjected to reversals of 
intense fields. The question is suggested to me through having on two 
or three occasions observed some armature teeth, which had been sub- 
jected to a very high flux, break off and adhcre to the field-poles after 
being run for a comparatively short time. Investigation as to the 
amount of actual pull exerted showed that it was nothing like sufficient 
to break them off under ordinary conditions. It did not seem to be a 
question of tensile strength, but rather to suggest that they had become 
brittle in some way, and possibly that may have bcen due to molecular 
action going on under the reversals in the strong field. 

Mr. W. H. PATCHELL: I might instance as a case of molecular Mr. 
distortion due to electrical influence some bare copper rods used as Paene 
battery connections at the Maiden Lane Station of the Charing Cross 
Company. During a бге the switchboard and the supports for the 
rods were damaged, with the result that the battery was short- 
circuited. Even where the connections had been out of the influ- 
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ence of the fire the rods were found to have become quite short and 
to have lost their ductility, which, however, could be restored by 
annealing. 

Professor A. MCWILLIAM (communicated): YI congratulate the 
authors on their paper which contains so much valuable material 
that it is impossible to digest it fully and make proper comparisons 
in the few days between receiving it and the date of the meeting, and 
regret that I am unable to be present at the discussion and to take part in 
it. I would like to mention one point in connection with page 238, No. 5, 
“Quenching an iron-carbon alloy from a high temperature reduces 
the specific magnetism by a large but somewhat uncertain amount," 
and on page 277, XIV a and XIV b, both of steel 1,391 B containing 1:96 
per cent. C, 0:36 per cent. Si, and 0°14 per cent. Mn both quenched at 
1,200? C., but XIV a a fragment from an ingot and XIV b a }-іп. Баг; the 
magnetism of 1,391 B quenched at 1,050? C. is 87:7, of XIV a is 62, and of 
XIV b is 20. From considerable experience of the quenching of samples 
of very varied compositions at different temperatures, I would suggest 
that, if possible, in every case, but certainly in anomalous cases such as 
the two last quoted, a careful microscopical examination should be 
made of the thoroughly polished but unefched sample, as often only by 
this means have we discovered the presence of the finest hair cracks. 
In some cases we have noted the position of these cracks that were 
only detected in this way, and on fracturing the sample they were seen 
to be so fine as to have prevented oxidation. The fracture along the 
cracked portion was bright and sparkling, and where a part had been 
so dovetailed in as to break across the solid, the fracture was granular. 
The composition of 1,391 B is such that one would expect to find such 
cracks in XIV a and XIV b. The results on the iron-silicon and iron- 
aluminium alloys are also specially interesting, as the influence of the 
large crystals of these alloys as compared with pure iron, does not 
seem to have the same effect in the strong fields used as compared 
with the results obtained by Professor Barrett. I am glad to see in 
such prominence the bar of Sir Robert Hadfield’s manganese steel, 
magnetic at one end and non-magnetic at the other, as I had the 
privilege of using it in a popular lecture some time ago, when it 
proved the best appreciated of many illustrations. It will be interest. 
ing to know the exact treatment necessary to bring into the magnetic 
condition such a persistently non-magnetic material. 

Mr. B. HOYLE (communicated): Referring to page 252, the authors 
state that “ Тһе length of the specimen precludes all end effects." 
The specimen in question had a ratio of length to diameter of 1:5/0°125 
ог 12:1. For open magnetic bars this ratio of length todiameter must 
be of the order of 500:1 before the спа effect is inappreciable. Of 
course this case is very different, because the specimen butts up to 
pole-pieces, which are 2 in. in diameter, but I should be glad to know 
how small this ratio of / to d can safely be made under the conditions 
mentioned in the paper. Am I right in concluding that the smaller 
the opposed pole-faces, and the poorer the junction between specimen 
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and pole-faces, the more marked would be this “ епа effect " for a given 
specimen ? 

Another point occurs in Appendix III. page 275, in the second 
formula on that page, that is, the one approximately giving the average 
flux per turn. For substitutional purposes I am not quite clear what 
г and r аге. Is 2== { 2, and r=} (r,+ 7) ? for if so, 2 must be less 
than r, and the first term in the bracket is negative and small. The 
second term in the bracket would seem to come out positive but small 
also, so that the whole expression appears to come out much less than 
the value stated, o'gr. I should be glad if the authors would point out 
my error, if any. (I have taken 2a =} in.— 07318 cm.) Lastly, I 
should like to ask the authors if they would point out some solution to 
the following : What is the form of the expression for the reluctance 
of the air-path of an open magnetic circuit core of a solenoid, all the 
dimensions of which are known; or what amounts to the same thing, 
what is the flux produced, knowing the B-H curve and ampere-turns 
and any other data necessary about the core, for which the ratio of 
length to diameter is such that the effect of the free poles cannot be 
neglected (say /:d about 10 : 1 or 12 : 1)? 

Professor J. O. ARNoLD (communicated): I have read the paper 
with great interest, and congratulate the authors on having carried 
out not only a valuable, but also a suggestive research on a matter 
of much importance to metallurgists as well as engineers. The 
authors have found that the permeability of unhardened steels is in- 
versely proportional to the amount of carbon present, * the reduction 
in magnetism being about six times the amount of carbon,” that is to 
say, I per cent. of carbon would cause the reduction of about 6 per 
cent. in magnetic capacity, whilst 3 per cent. carbon reduced the 
magnetism about 18 per cent. as compared with pure iron. The 
authors have thus shownthat unhardened steels followed thelaw which 
I have previously laid down for hardened steels. This law I suggested 
in a paper on “The Influence of Carbon on Iron," a fact which has 
obviously escaped the attention of Professor Hopkinson. My rolled 
steels ranged in carbon from 0:08 per cent. to r'47 per cent. carbon, 
and were rapidly quenched from vacuo at a temperature of 850°C. 
The bars were then highly magnetised and the tangents of the deflec- 
tions of the delicate magnetometer were plotted against carbon per- 
centages. A straight line similar to that obtained by the authors for 
unhardened steels was registered. The tangent for the о'08 per cent. 
carbon steel was 073323, whilst that for the 1°47 per cent. carbon steel 
fell to 045362 ; the six intermediate carbons gave results on or near 
the straight line.* 

I wish to suggest to the authors that the falling-off in the magnetic 
capacity of steels when quenched from very high temperatures is 
possibly due to minute mechanical water-cracks which I have fre- 
quently observed in such circumstances. Тһе cracks always reduced 
the permeability in a marked manner. It is interesting to note that 

* Proceedings of the Institution of Civil Engineers, vol. 123, p. 127, 1895. 
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the micrographs of the three samples of white iron quenched out from 
a molten condition presented no generic differences in structure, all 
exhibiting a pale ground mass of cementite overlaid with the normal 
pearlitic pattern in dark-etching hardenite, nevertheless, the mag- 
netism of these samples varied from 72 to 58:5 per cent. of that of 
pure iron, the normal sample being 79'7 per cent. I think that 
each magnetic test-piece should be carefully examined for minute 
cracks, which might explain the puzzling variations noted by the 
authors. 

Fig. 17 exhibits three micrographs of a quenched wortle steel 
containing nearly 2 per cent. carbon. "These photographs are very 
significant, because although the steel had been quenched at tem- 
peratures varying from 1,050° to 1,200? C., the ground mass in each 
case is dark-etching hardenite, which is overlaid with various amounts 
of cementite. So far as I could judge, the central micro-section 
exhibited hardening cracks. I suggest that it would be well to remedy 
a slight oversight in the paper by substituting the word “ photomicro- 
graph" for “microphotograph.” As a metallurgist, I regret that so 
much valuable laborious work like that of Madame Curie should have 
been carried out without metallurgical advice. It is most important 
that magnetic test-bars should have the chemical composition at- 
tributed to them and that their micrographic features be identical 
throughout. Rolled bars nearly always have a more or less deeply 
decarbonised skin which would upset any reliable correlation of the 
magnetic properties of the bars with their chemical composition. 

Mr. F. OSMOND (communicaled) : The authors’ paper is of very great 
importance ; it does not solve the question of temper in steel, but it 
shows it in a new light, and, in consequence, opens up a new field for 
research. 

The idea of searching for a method of quantitatively determining 
the proportion of magnetic iron in a given alloy is an excellent one. 
Former results comparing the magnetic properties of an annealed alloy 
with those of the same steel, but tempered, аррсаг to leave, in the 
tempered metal, plenty of room for the magnetic varieties of iron ; 
but since very intense fields, relatively to the samples, were not em- 
ployed, we might ask what would become of this discrepancy in much 
more intense fields : the authors experiments show that this discrepancy 
is actually much reduced. 

Therefore, if we leave aside the austenitic steels for which the 
allotropic theories have been confirmed, and if we suppose that mag- 
netisable iron is the same thing as crystallised alpha iron, and if we 
admit, as we may do in the case of a metallurgist like Sir Robert Had- 
field, that every precaution was taken to avoid decarburisation in the 
heating of the small samples and to ensure that they were normally 
tempered, it can be taken as established that in the martensite of a 
eutectoid steel (specimens gm, 9b, gc), the proportion of non-alpha iron 
cannot exceed in round figures 5 per cent. 

This is very little; and the position from the standpoint of the 
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allotropic theory, which ascribes the properties of martensite as being Mr 


due to beta iron, appears for this main reason to be rendered untenable. 
On the other hand, it seems to be definitely proved that carbon is not 
the direct cause of temper. To the ancient arguments which sup- 


ported this view there has in recent years been added one which 


appears decisive. 

M. Maurer has in fact shown that during the reheating of austenite, 
in proportion as the resistivity decreases—a phenomenon which corre- 
sponds to the separation of carbon in the form of cementite—the 
hardness, in place of diminishing, actually goes on increasing. And 
this hypothesis leaves hardly any other hypothesis, for explaining the 
phenomenon of temper, than that of a particular state of the iron. 

Put briefly, in view of the results obtained by the authors, not a 
single theory of the phenomenon of temper would remain standing 
unless it underwent certain modifications. 

The modifications which one could propose are naturally of a 
hypothetical nature, but it is interesting, none the less, to examine 
them, even were it only to stimulate further research. 

At the moment I can see three hypotheses which would reconcile 
the facts with theory : 

1. The steel de-tempers itself in intense fields. This hypothesis is, 
however, exceedingly unlikely, and a verification as to whether the 
tempered specimen preserves its hardness under the file when sub- 
jected to the action of the maximum field would doubtless suffice to 
dismiss it once for all. 

2. We can suppose that the kind of iron which is the cause of the 
hardness of tempered steel is not beta iron, but amorphous alpha iron. 
The alpha iron would remain amorphous, or something approaching 
that state, because the great rapidity of cooling and the existence of 
passive resistances due to the presence of carbon do not allow recrys- 
tallisation, the natural sequence of an allotropic transformation, to take 
place. 

3. Beta iron has a magnetic form, in addition to its known non- 
magnetic form. This hypothesis has already been put forward under 
other circumstances by Professor C. Benedicks. It agrees sufficiently 
well with the views of Professor Weiss, of Zurich, who distinguishes 
beta iron from alpha iron by a different mode of motion of the mole- 
cules, and not by a transformation of the molecule itself, which remains 
magnetic in both cases. If this be so, we can conceive that this 
molecule, magnetic, but not magnetisable between the points A, and 
À, would become magnetisable at a lower temperature, without its 
mode of motion being changed. In support of this hypothesis we 
could perhaps again invoke the duplication of the A, point, which I 
first’ pointed out in certain specimens and which has also been 
observed by other experimenters. 

In conclusion, I hope that these notes, which have been suggested 
by the authors' remarkable work, may lead to some new and interesting 
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Professor E. HEYN (communicaled) : The magnetic investigation is 
able to shed new light on various questions in scientific metallurgy 
which are in urgent need of explanation. The authors’ paper is of 
great interest, as it marks substantial advances in this direction. It 
enunciates in a clear manner several laws on the relation between the 
mass of constituents of iron-carbon alloys and their magnetic pro- 
perties, and it may be expected that the promised continuation of the 
investigations, due to the fortunate collaboration of the experienced 
metallurgist with the experienced physicist, will, in addition, shed 
further light on the complicated relations in manganese and nickel 
steels. 

Professor A. A. KNOWLTON (the University of Utah, Salt Lake Cily) 
(communicated) : I wish first to congratulate the authors upon the 
excellence of their methods and the degree of accuracy apparently 
attained. The very thorough investigation of the precautions and 
corrections necessary for the estimation of the true value of H within 
the test-piece will be of service to every worker in this field. The 
intrinsic value of the experimental results is large, and I have found the 
paper unusually suggestive of starting-points for further investigations, 
some of which should lead into quite new fields. The conclusion, 
suggested by the experiments upon the effects of carbon, that cementite 
is about two-thirds as magnetic as pure iron, is a case in point. An 
extended study along this line with the aid of thermal and microscopic 
analysis should be undertaken at an early date. It is possible that the 
effect of silicon and aluminium in partially neutralising the action of 
the carbon, as shown, may be due to the formation of carbides of these 
metals, thus reducing the amount of Fe,C, and leaving proportionately 
more pure iron in the binary alloy. On the other hand, this decrease 
in cementite (if such a decrease occurs) may be related to the well- 
known tendency of these metals to diminish under cooling so that a 
greater amount of hardening carbon, and hence also of pure iron, might 
be found in those specimens whose magnetic properties vary most from 
simple additive effects. In any case, the irregularities observed in the 
amount of this neutralising effect are doubtless due to differences in 
the thermal history of the specimens, and the investigation of the 
causes which produce them can hardly fail to lead to important results. 
Dr. L. A. Bauer has recently pointed out in connection with terrestrial 
magnetism that “A long step forward will have been taken towards 
the solution of the origin of the earth's magnetism when once wc have 
found out what causes it to vary," * and the statement applies equally 
well to magnetism in general. 

The simplicity of the effects due to carbon, silicon, and aluminium 
is in strong contrast with the complicated and irregular action of the 
manganese and nickel steels. The known tendency of manganese 
to increase under-cooling (opposite to the effect of silicon) is not 
apparently a sufficient cause for variations of the magnitude observed. 
It is worth while to recall that manganese alloyed with Al, Sb, or As 

* Science, vol. 32, p. 41, 1911. 
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becomes ferro-magnetic, and that iron is in its trivalent form closely 
allied with these elements. I have shown * that the magnetism of the 
Heusler alloys appears to be localised in a certain type of crystals which 
are very sensitive to heat treatment. The behaviour of the Hadfield 
manganese steels is sufficiently analogous to make it probable that a 
like explanation of their variation may be found. 

It is of great importance when working with alloys showing such 
irregularities—and I believe this applies in some degree to all magnetic 
alloys—to have a complete thermal history of every specimen. Rolling 
and forging with the accompanying uncertainties of heat-treatment 
should be avoided whenever possible. This is of special importance in 
the case of steels like these, where it is possible that some of the changes 
due to thermal treatment may be irreversible. What seems clear from 
the experimental results is that the manganese affects the magnetism of 
iron in a much more fundamental way than do carbon, silicon, and 
aluminium. I think it likely that in the first case the magnetism of the 
pure iron itself is altogether unaffected by the presence of the alloying 
impurities except as these reduce the amount of iron per unit volume, 
and change the hysteresis relations by changing the purely mechanical 
constraints which the non-magnetic molecular groups impose upon 
their magnetic neighbours. The assumption of such mechanical con- 
straints in addition to the magnetic constraints due to the mutual 
interaction of the magnetic groups themselves, simplifies somewhat 
the interpretation of such peculiar results as that the magnetism of 
silicon and aluminium steels is relatively higher, compared with that 
of pure iron, in weak and medium fields than in intense fields, while 
the reverse is true for manganese and nickel steels. In the case of the 
latter steels, it seems probable that the alloying metal takes part with 
the iron in the formation of complex molecular groups which are the 
magnetic units and that the magnetic moment of the group itself, as 
well as its relations to surrounding groups, depends upon the precise 
nature of the structural elements of a series of mixed crystals. 

Sir ROBERT HADFIELD, F.R.S. (communicated): I should like to 
express my great admiration of the very valuable and exhaustive work 
which has been dealt with in his share of this research by my colleague 
Professor Hopkinson. Too much praise cannot be given for the way 
in which he has carried out the long series of electrical tests described 
and extending over several years. 

Professor Hopkinson has asked me to make a few comments to add 
to the discussion, but he has done his work so completely that from the 
electrical side there is little left to be said. 

As I have not at the moment before me the various remarks made 
by those present when the paper was read, I do not know exactly what 
line was taken up during the discussion, or what were the exact 
questions asked. 

Ás regards my part of the work, I may say that a careful selection 
was made of the most interesting specimens, representing experiments 

* Physical Review, voL 32, p. 1, 1911. 
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covering twenty years or more. Some of these steels, if they had been 
made with the ferro-alloys now readily available, which are lower in 
carbon percentage, might have given resulting steels also somewhat 
lower in this element, that is, there would have been less disturbance 
from the carbon present. Still on the whole the steels largely represent 
what could be produced even to-day, and may be relied upon as repre- 
senting the qualities of these particular steels having the analyses 
stated. 

I understand Mr. Mordey, whose long experience in various special 
branches of electrical work entitles his comments to special considera- 
tion, has stated that it is very desirable to increase the permeability 
values of certain iron alloys at high densities. In the many experiments 
I have made during the last few years, this point has not been lost sight 
of, but so far entire success has not been met with. My own feeling is, 
too, that until we know more about the behaviour of pure iron itself 
under varying physical conditions and at different temperatures, as well 
as having as an aid electrical tests of better and more reliable nature 
than those now in use, for which perhaps the apparatus has not yet 
even been invented, we shall not effect any great improvement in the 
qualities of iron and its alloys in the way desired. In a number of 
cases which have come before me, magnetic testing is not at all in a 
satisfactory condition. For example, in determining “total losses,” 
specimens giving higher resistance, and which should have had lower 
eddy current losses, have not shown these. Moreover, at the present 
time, in such tests it is often difficult to get two laboratory results in 
agreement when tested with different apparatus. This remark also 
applies to hysteresis losses. We metallurgists, therefore, look to the 
electrician to help us in this respect. | 

The purer the metal iron is, the higher its permeability when 
properly heat treated, and as all added elements to iron are more 
or less impurities so to speak, it hardly seems possible to reach the 
desired result of improved permeability with an alloy steel. Possibly 
better knowledge of iron itself and special heat treatment may lead to 
improvements, but then if one quality is improved, others may be lost. 
For example, permeability might be increased but electrical resistance 
lessened, which would make the product less valuable for certain 
electrical work. 

In any case I think it may be said that without doubt this research 
has given important new facts for consideration. To have proved, as 
the tests carried out by Professor Hopkinson do, that at the present 
time there is no known iron alloy possessing higher magnetism than 
pure iron itself, is in itself a valuable contribution to the general store 
of knowledge on this question. 

As regards the magnetic and non-magnetic conditions of the 
various alloys, these represent a very large field for investigation. In 
a recent contribution to a technical society on another matter I have 
pointed out that with regard to the varying qualities of these peculiar 
alloys, for example such an alloy as “manganese steel,” we want 
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much more light upon the subject before we can dogmatise. Our 
knowledge is not as great as it should be, and I hope Professor 
Hopkinson will continue important researches he has in hand in this 
direction, one of which is to investigate the saturation intensity of 
magnetism at high temperatures. 

In contributing to the discussion ona recent paper by McCance * on 
“The Constitution of Troostite and the Tempering of Steel,’ I have 
referred to some of the peculiarities in non-magnetic iron alloys. 
Perhaps it may be also interesting and useful to refer to them 
here, as, if we can accurately define the nature of these peculiar 
properties such a result world greatly help to a correct understand- 
ing and study of the various phenomena, specially clectrical, presented 


and met with in the joint paper by Professor Hopkinson and my-: 


self. By following up the line of thought from the new point of 
view suggested and set forth by Professor A. A. Knowlton, of the 
University of Utah, in his paper on “The Present State of our 
Knowledge of Magnetic Materials," + perhaps light may be thrown 
upon electrical problems where these concern the use of special 
varieties or alloys of,iron with other elements, ог even of the metal 
iron itself. Seeing that the work of the electrician largely relates 
to the use and behaviour of the metal iron, Professor Knowlton's 
statement that he considers ferro-magnetism to be undoubtedly neither 
atomic nor molecular, but crystalline, seems worthy of very careful 
consideration. I hope we may before long induce him to read a paper 
on the subject before some of our British Societies. 

As my citation of Professor Knowlton's paper has arisen upon and 
from the discussion of Mr. McCance's paper, and as my comments on 
this paper also appear apposite to the facts dealt with in this joint paper 
by Professor Hopkinson and myself, it seems advisable to quote some. 
what fully from these papers. Moreover, the points to which I refer 
seem to also bear more or less upon the problems to be considered by 
the electrical engineer when he asks for more information with regard 
to the qualities of the metal iron, and whether further discoveries may 
be expected regarding its treatment and improvement. As I have said, 
further advance can probably only now occur by the united efforts of 
the metallurgist and the electrician. 

Speaking now of the paper by Mr. McCance, as many members of 
this Institution are aware, much discussion has taken place as to 
whether the metal iron can exist in more than one condition. There 
are those who think the metal iron is allotropic, though the writer does 
not think so as to a hard adamantine form of iron. In any case he can- 
not go so far as those who already claim four distinct forms of iron : 
alpha, beta, gamma and delta. The writer thinks the existence of 
such forms has not been proved, and he would much prefer to look for 
the explanation of the many peculiar problems met with in iron and its 
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н Robert alloys to the suggestions so ably set forth by Professor Knowlton, who 
adfeld. — А 
considers that the properties of the magnetic alloys known as 
“ Heuslers" are due to a certain crystalline. structure, which at 
present we do not understand, and that atomic susceptibility varies in 
relation tothe ordinary or mass susceptibility. This explanation would 
apply to ferro-magnetic alloys generally. Professor Knowlton also 
states that ferro-magnetism must in his opinion be associated with 
some peculiar grouping of the ultimate particles (molecules in the 
chemical sense) of the material, whether it is an element like iron or a 
mixture as in the Heusler alloys. He also adds that he considers the 
phenomena of hysteresis are on the other hand probably due, in part at 
least, to the nature of the matrix surrounding the magnetic elements 
“апа to the constraints which this matrix exerts upon these magnetic 
groups. He further adds that a comprehensive working hypothesis as 
to the precise nature of this. structure is the greatest present need it 
this field. I have quoted Professor Knowlton's remarks very fully as 
they seem to be of the greatest importance. As will be seen from 
certain remarks now quoted, a linc of thought probably running in a 
similar direction is indicated by the eminent French scientist, M. H. le 
Chatelter. 

I add my remarks upon the paper by Mr. McCance previously 
referred to, and read before the Institution of Mechanical Engi- 
neers,* as they may interest electrical engineers who are studying 
this subject. Не there states: “ Beta iron is known to be non- 
magnetic.” lt is doubtful whether any definite facts are yet available 
that beta iron exists at all, and the fact that iron is non-magnetic 
beyond certain temperatures can hardly be claimed as proof of allo- 
tropic modifications, and still less as a proof of the existence of ada- 
mantine beta form of iron, which the expression “beta iron" really 
implies. | 

Moreover, surely the changes produced in molecular constitution аге 
not those coming at all under the head of allotropy, that is using the 
term in its original meaning, because all matter is more or less subject 
to changes in molecular constitution by temperature variations, yet 
one does not speak of these as allotropic modifications. Therefore 
the fact that iron becomes non-magnetic by heating would hardly seem 
to be any real proof of the existence of an allotropic beta form, 
any more than the fact that the iron present in manganese steel, 
which is practically non-magnetic at ordinary temperatures, owes 
its non-magnetic qualities to the so-called beta form of iron. This 
latter point is specially important, because manganese steel being 
very hard under the tool cannot be machined, but is absolutely 
different in its hardness as compared with hardened carbon steel. 
The Brinell ball hardness number of manganese steel is only about 
200, whereas that of ordinary carbon steel hardened varies from 700 to 
850. Whilst above a point in temperature which may be termed for 
convenience B—which must not, however, be taken to have the 
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same significance as the term beta as hitherto employed—there is a Sir Ropar 
modification in what may be termed the molecular constitution of iron ; 

this also occurs below this point B. Iron, like many other metals, 

shows considerable difference in its molecular constitution with the 

rise or fall of temperature. In other words, its condition is not stable 

апу more than other bodies. The usc of the terms A and B, as they 

do not carry a '' biassed significance," as designating some differences, 

would therefore be much more satisfactory, until facts are proved to 

the contrary, than the use of the terms а and [3 by the allottopists. 

That such forms of iron exist has not yet been proved. 

M. Grenet in his excellent paper on “ La Transformation de l'Acier 
dans les Limites de Temperature" has adopted a similar way of 
describing the changes produced by variations in temperature. He 
terms them “conditions of stability," condition C (or as above, B) 
being the stability when cold, and condition H (or as above, A) being 
the stabilitv when hot. Moreover, he points out when studying the 
iron and carbon alloys that no “distinction should be made between 
the changes in the condition of the iron and the dissolution of the iron 
into a solid solution, since both are one and the same thing." This 
valuable paper by M. Grenet has not yet, I think, appeared in 
any English technical journal. It would be of great service if M. 
Grenet would give usa paper similar to that which appeared in the 
Bulletin сі Comptes Rendus Mensuels de la Société de l'Industrie Minérale 
for August, 1910. It is true that so-called gamma iron, another allo- 
tropic form of iron, is stated to exist, but as iron itself becomes non- 
magnetic upon reaching about 750° C., and the gamma form is not 
supposed to occur until after a temperature of about 850° C. is 
exceeded, it hardly seems that this bears on the particular point now 
under consideration. 

It seems to Бе commonly accepted that all our metallurgical 
friends in France are allotropists in the sense I understand Mr. 
McCance claims. However, this is not so, as M. H. le Chatelier, whose 
long experience and great ability as a scientist in metallurgical as 
well as other matters is well known, has himself pointed out that as 
time goes on and facts accumulate he is more and more convinced that 
the difference between so-called alpha and beta iron is not a difference 
of allotropic state or condition, such as between gamma iron and the 
stable varieties in the cold condition. His words are :— 

“Те suis de plus en plus convaincu que la différence entre le fer 
a et le fer 8 n'est pas une différence d'état allotropique, comme entre 
le fer y et les variétés stables à froid. Tous les corps magnétiques, 
sans aucune exception présentent, à une -certaine température, la 
méme chute progressive des propriétés magnétiques. C'est un 
phénoméne caractéristique des corps magnétiques et seulement de 
ceux la.” 

Moreover, there are iron alloys now well known and in use which 
are more magnetic than iron itself. Urder the allotropic theory would 
not this perforce mean still another form of iron, which seems. unten- 
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able? Apparently this is the only explanation upon which the allo- 
tropist can fall back—that is, in view of his previous claims that the 
differences in the magnetic properties of iron alloys, including those 
which are non-magnetic, are owing to the particular form or condition 
of iron existing in them. 

As bearing on this question of allotropy, in which magnetic con- 
dition really plays a considerable part—that is, according to the 
theories of the allotropist—Professor Knowlton has pointed out in 
his paper on “The Present State of our Knowledge of Magnetic 
Materials” that these vary in what he terms “atomic susceptibility, 
which bears no relation to the ordinary or mass susceptibility,” whilst 
* ferro-magnetism is undoubtedly neither atomic nor molecular, but 
crystalline." Here is the statement in full with which he concludes 
his paper : * Dia-magnetism іп all cases, except possibly bismuth and 
the Cu and Sn alloys of Clifford, is to be regarded as an atomic 
property, as is also para-magnetism in the narrower sense of the term, 
while ferro-magnetism is undoubtedly neither atomic nor molecular, but 
crystalline. Indeed, it is questionable if the word molecule has in the 
present state of our knowledge any definite physical significance 
whatever when applied to matter in the solid state. Is there any 
evidence for the so-called molecular theory which will not apply 
equally well to prove that magnetism is a crystalline property ?" 
This throws out a new line of thought, which seems to offer a more 
satisfactory conclusion than those hitherto advanced in this particular 
field of research. 

I am glad Mr. McCance has pointed out M. Н. le Chatclier's 
interesting experiments with regard to the expansion of carbon steels. 
He discovered that all steels, whatever may be their carbon content, 
expanded at the same rate up to about 700? C., but above this a con- 
traction set in which varied in amount and took place at different 
temperatures with changes in the content of carbon. This is very 
important. 

I understand Professor Hopkinson, when replying to the oral dis- 
cussion on this joint paper by him and myself, mentioned with 
reference to the critical point 750° C., at which point the magnetism 
of iron disappeared quite suddenly, he considered this result was 
suggestive as to the nature of magnetism. His view was that it 
seemed probable that temperature had an effect on the molecular 
constitution, and it was a question whether reduced magnetism arose 
from the total destruction of the magnetism of certain molecules, or 
whether it arose from a gradual change taking place in all the mole- 
cules. The former was more probably the correct explanation. This 
shows that we cannot generalise upon this question. We must 
have more evidence before pronouncing positively as to the many 
peculiarities noticed in the behaviour of iron alloys. 

To sum up, we evidently want much more light as to the molecular 
constitution of the metal iron itself, or, to use Professor Knowlton's 
term, to study the peculiar grouping of the ultimate particles, or mole- 
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cules in the chemical sense, of the metal iron, before we can make any 
further important advance in the direction desired by the electrical 
engineer. The problem will no doubt be solved, but to do this will 
also mean investigations probably on quite new lines of thought. As 
Professor Knowlton points out, the subject is already recognised to be 
of the greatest importance, seeing that Science Absiracis since 1900 
contains references to more than 500 papers on the question of mag- 
netic materials and their properties. Yet we are still very much 
in the dark on many important matters. It is here where the purc 
scientist can assist, and no doubt he will do this and come to our 
rescue. 

I note with much interest M. Osmond's valuable contribution, and 
that he says that part of the allotropic theory which attributes the 
properties of martensite to beta iron is by this research rendered 
untenable. This is most important. It will be interesting to see how 
the further suggestions he makes agree with certain investigations 
which are now proceeding. Until these are completed, and the points 
relating to them more fully determined, it seems advisable to make no 
positive reply on several of the statements referred to by M. Osmond. 
In any case, it is a great pleasure to both the authors of this paper that 
M. Osmond has seen his way to send a contribution to this discussion 
on points which are of interesting nature. He makes certain inquiries 
wíth regard to the treatment of the specimens. In reply, it may be 
mentioned that in all cases where specimens have been subjected to 
heat-treatment, this treatment has not been carried out on the same 
size piece as tested magnetically, but on a larger piece. 

Specimens 13a, 135, 14, and XIVa were heat-treated in the form of 
a small fragment of the ingot, weighing about one ounce. Specimen 
XIV6 was heat-treated in the form of a ground specimen } in. іп 
diameter by 1 in. long. 

Specimens 15a, 15b, and 35 were small fragments also weighing 
about one ounce, the piece for the magnetic test being cut out of the 
heated picce. 

Specimens 16a, 166, 17a, 17b, 17c, 18a, 18b, 36a, and 366 were 
quenched in water from the crucible in which they were melted, and 
the magnetic test-piece cut out afterwards. 

All other specimens were heat-treated in the form of short rods 
т inch long by o'22 in. in diameter, the magnetic test-piece being 
afterwards cut out. To avoid superficial decarburisation, the speci- 
mens were heated as quickly as possible for temperatures up to 
1,050? C., and those about 1,050° C. were encased in an iron sheath. 
Although this may not have entirely done away with decarburisation, 
it is believed the method adopted was sufficiently effective to prevent 
any loss of carbon taking place from the centre of the mass from 
which the magnetic test-piece was taken. 

Professor B. HOPKINSON (in reply): Professor S. P. Thompson 
asked a number of questions, and also asked for further informa- 
tion on certain points. I can answer him with regard to several of 
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them at once, but others may require further consideration. He 
inquired to what value H was carried for the various pieces in 
Appendix IV. I think in every case, with quite a few exceptions, those 
pieces were tested up to a maximum of 25,000 C.G.S. units. That was 
the highest we could reach. There were a few which were taken up 
to about 14,000 or 15,000, and they were donc by that differential 
method which I have described. At all events, every piece was tested 
up to saturation. Saturation was shown either by comparison of I at 
25,000 with the value at 2,coo, or else it was shown by the straightness 
of the magnetising curve, such as you see on the wall. He also asked 
for the ultimate permeability, and suggested that I might broaden the 
table. There was a good deal of information we should have liked to 
put into that table, but I am afraid if we had done so it would have 
become of inordinate breadth. The value of I is given in the table as 
a percentage of the value for pure iron, and the absolute value is at 
once obtained by multiplying by 1,680. The permeability is then 
readily worked out ; in the case of pure iron the permeability in a field 
of 25,000 is 1°85. Professor Thompson made some remarks of con- 
siderable interest about the permeability of the non-magnetic manga- 
nese steel. He said that he had always had difficulty in understanding 
how this body could have a constant permeability of r4. My 
father, Dr. John Hopkinson, found a constant permeability. of about 
that amount, but he worked with weak fields. f think there can 
be little doubt now that there is no steel which has a constant per- 
meability of r'3 ог r4 in fields exceeding 1,000 C.G.S. None of the 
manganese steels examined by us have that property. The reason 
of the apparent discrepancy with my father's result is, I think, not 
difficult to understand. In low fields, such as he experimented with, 
viz., up to about 200 units, it might well happen that a steel would 
show a constant permeability of 1'3 or r'4. "That would occur if the 
material contained only a small amount of magnetic stuff, and was 
therefore, magnetically speaking, very soft. Yet that same material 
could easily have, in consequence of the small quantity of magnetisable 
material, a very small ultimate magnetic intensity. The actual per- 
meability of the manganese steel 1,010 W.T. that we experimented with 
in these high fields certainly did not differ from unity by more than 
I per cent.—of that there is no doubt at all—but it is quite possible 
that if we had been able to test it in a field of 200 units we should 
have found a permeability materially exceeding unity. Ewing's result 
obtained with that same steel is more difficult to explain. I have put 
a possible explanation in a footnote in the paper. Professor Thompson 
remarked that no end correction was needed for the non-magnetic 
materials. Of course that would be so, and when I spoke of the end 
correction of 16 per cent. I meant the correction applied to the 
measurement of I. Ina nearly non-magnetic material 16 per cent. of 
the magnetism is an unmeasurable quantity from our point of view. 
As regards the effect of quenching, which was also referred to by Pro- 
fessor Thompson, and the possibility of discriminating between a: 
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B, and y iron, that is a very thorny question. I think it may be Professor 
possible in the future to learn something about the modifications of НРК!" 
iron by these means, but at present I think it better to say nothing 
about them. “ Magnetic hardness" is a phrase which I believe was 
used by Barrett, Brown, and Hadfield in the joint paper read before 
the Institution some years ago. It was the reading of that paper which 
suggested the phrase to me, and I have used it in much the same sense 
as Barrett did. I do not attach any definite numerical meaning to it, 
but I use it to express in a general way the rateat which the magnetism 
of the material approaches the saturation value. 

Mr. Sears asked whether it had been proved that a compound does 
behave as а mixture. I should put it a little differently—rather that a 
mixture behaves as a mixture. Take the instance of an iron-carbon 
alloy. In the case of an annealed iron-carbon alloy we have proved 
experimentally that the loss of magnetism is a linear function of the 
amount of carbon. There is good reason to suppose that the stuff is a 
mixture of iron and iron carbide, and that those two constituents do 
not influence each other magnetically. On that assumption we have 
calculated from the results what the magnetism of the iron carbide is. 
Of course it may be as Mr. Sears suggests, that the presence of the iron 
affects the magnetism of iron carbide, but I do not think that is so, 
because we are there dealing undoubtedly with a mixture. The micro- 
scopical results prove that, and chemical analysis proves that the con- 
stituents of the mixture are iron and iron carbide of the composition 
Fe,C. We know, as certainly as we know anything about a mixture of 
that type, that the magnetism of the whole would be the sum of the 
magnetism of the constituents, and we have used that fact to find out 
what is the magnetism of the second constituent, a quantity hitherto | 
unknown. That is really what that experiment amounts to. Mr. 
Mordey raised one point which I will refer to because it has an 
important bearing on the methods of investigation described in this 
paper. He said that pure iron was a most unsatisfactory material 
because of its want of magnetic permanence. He said it was very 
unstable, and that he could hardly look at it without its magnetic 
properties changing. That is true, of course, in the fields employed in 
the ordinary methods of testing, but it quite ceases to be true when 
you push the induction to very high values, and that fact illustrates 
very well, I think, the value of this method of testing as a means of 
research—not so much for finding out magnetic properties which are 
likely to be of practical use, but as a method of research into the con- 
stitution of materials. The same pure iron which in low fields is 
completely upset magnetically by, say, a small amount of mechanical 
disturbance—a little hammering, or something of that kind, which 
does not distort it in any way—is wholly unaffected, if you only 
push the induction sufficiently high, even by a very large amount of 
mechanical disturbance. I have tried, for instance, taking a piece of 
nearly pure Swedish iron and placing it between the poles of a big 
magnet, subjecting it to a force of about 5,000, which is adequate to 
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saturate it, and pulling the piece out by means of rods with a screwing 
arrangement going through the pole-pieces, so as to give it a consider- 
able amount of permanent extension, stretching it, in fact, beyond its 
elastic limit, and even when subjected to that drastic treatment the 
saturation value of the magnetism of the iron remains quite unaffected. 
It is, in fact, a remarkably constant property, and a variation in it 
implies a real change in the nature of the material, and not a mere 
rearrangement of parts. Wedid not make any measurement of specific 
resistance nor of hysteresis losses. Measurements of that kind were 
made on a considerable number of these materials by Barrett and 
Brown and Hadfield. 

Mr. Murdoch referred to the unsatisfactory character of the ballistic 
method of testing. Here again I think there is something to be said 
for that view as applied to low fields, but I do not think it affects the 
matter’ very much in very high fields when the material becomes satu- 
rated. It does not matter how you approach the ultimate magnetic 
force so long only as it is high enough. The same intensity of 
magnetism is always reached. Apparently there is no time effect. 
Of course all these things are to be expected according to Ewing's 
theory. Mr. Stoney asked whether we could not get a non-magnetic 
steel with 30 to 4o tons tensile strength and. good elongation. The 
interest of that remark to me is that it suggests the possibility of 
using this method of research, not so much for testing properties of 
immediate use in electrical engineering, but as a means of investigating 
the constitution of steels and so producing new steels having different 
magnetic properties and also different mechanical properties from thc 
older varieties. Mr. Morris asked a question as to the manner in which 
the saturation value of I varies with the temperature. "That is a matter 
which has recently been investigated by an advanced student at Cam- 
bridge, Mr. E. F. Clark, who has fully confirmed the conclusions to 
which M. Curie was led some years ago by experiments in rather lower 
fields. The effect of raising the temperature is to reduce the saturation 
value of the intensity of magnetism. I am speaking now of pure or 
nearly pure iron. It reduces the saturation intensity from the very 
beginning. Ап increase of temperature even of 400° C. reduces the 
maximum intensity of magnetisation, and the reduction goes on at an 
increasing rate until the critical point of about 750? C. is reached, when 


. the magnetism disappears altogether. It disappears rather suddenly at 


the finish, but it diminishes steadily from the very beginning. I think 
some reduction is perceptible even at 200°C. At all temperatures the 
material shows saturation just as distinctly as it does at low tempera- 
tures. Those results are rather suggestive as to the nature of magnetism. 
The fact of a reduction of magnetism produced by heating, say, to 400° C., 
proves to my mind that the temperature has a direct effect upon the 
individual molecules or magnets. The interesting question is, How 
does it affect them? Does it destroy the magnetism of some bv 
changing their constitution completely and leave the magnetism of the 
others unchanged, so that what we have got at a higher temperature is 
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fewer magnetic molecules, but those few of the same kind as before? 
Or does it change all the molecules in a gradual way? I confess I 
think the first hypothesis seems a good deal the more probable. It 
scems to me that probably the effect of temperature, which we conceive 
as a motion of the molecules as a whole rather than as an internal 
movement, is to change the nature of some molecules and leave thc 
others totally unchanged. That, however, is largely a matter of specu- 
lation ; the facts are as I have stated. I was very glad that Mr. Main, 
Sir Robert Hadfield's assistant, has been able to be present and to speak 
in the discussion. I do not quite agree with him that very little of thc 
work was done at Sheffield. Of course, in the particular research 
described in this paper, no doubt that is so; the greater part of the 
work was done at Cambridge. But the basis of the whole thing is 
undoubtedly the remarkable series of steels which was made some 
years ago by Sir Robert Hadfield and which has been so very fruitful 
in producing research of various kinds. While on this subject, and 
before I sit down, I should like to say that it is quite impossible to carry 
through any research of this character without a large amount of assist. 
ance. My own actual personal work in this matter has been really 
comparatively small. I have had a number of most efficient assistants, 
many of them working for the love of it. They have been students at 
the University of Cambridge, and between them they have done pretty 
well the whole of the experiments and a great deal of the calculation. I 
should like particularly to mention the name of one of my assistants, 
Mr. Quinney, who has really carried through a good half of it. 

Communicated : Professor Arnold suggested that the falling off in the 
magnetic capacity of quenched steels is possibly due to cracks. Рго- 
fessor MacWilliam made a similar suggestion with regard to the results 
obtained with 1391 B. I do not think, however, that such cracks can 
affect the matter in the intense fields used in this research, though in 
the moderate fields employed in ordinary testing their effect would be 
considerable. It is indeed one of the chief advantages of magnetic 
testing in a very strong field, regarded as a means of investigating the 
constitution of steel, that the ultimate magnetism of steel (which is 
revealed in such tests) is independent of such accidental factors as the 
presence of cracks, the size of crystalline grains, etc. 

Mr. Hoyle asks about the relation between the “епа effect" and the 
length of the specimen. In the tests between flat pole-pieces in fields 
of about 5,000 C.G.S. the end effect is equivalent to a constant addition 
to the length of the specimen amounfing to about o'12 mm. I think 
there is no doubt that the correction can be applied in this form on 
specimens of about a quarter of an inch long, such as are described in 
the paper, but it would not be advisable to apply it to shorter specimens 
since the ends would interfere with each other. Ido not think that the 
size of the pole-faces makes much difference so long as it is adequate 
to give a uniform field along the whole length of the specimen. The 
junction between the specimens and the pole-faces plays a large part 
in determining the end effect in moderate fields, but is practically 


Professor 
Hopkinson. 


Professor 
Hopkinson. 


The 
President. 


806 HADFIELD AND HOPKINSON. [ Dec. 8th, 


without influence when Н exceeds about 5,000 units ; this is shown in 
Fig. 4 of the paper. | 

The expression in Appendix III. to which Mr. Hoyle refers means 
that the difference has to be taken between the values of the expression 
in the square bracket, when for z and r are substituted, first, z, and r, 
respectively, and second, z, and 7, respectively. 

The PRESIDENT : I hope you will give a very hearty vote of thanks 
to the authors for their most interesting paper. 

. The motion was then put and carried with acclamation. 

The PREsIDENT : We now have to hold a meeting of the Members, 
Associate Members, and Associates, апа I will ask any visitors or 
students to withdraw from the meeting. 
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A Special General Meeting of Members, Associate 
Members, and Associates, duly convened and 
held in the Theatre of the Institution, Victoria 
Embankment, W.C., on Thursday evening, 
December 8, :1910—Mr. S. Z. DE FERRANTI, 
President, in the chair. 


The President read the notice convening the meeting. 


The PRESIDENT: I now formally move: “ That the action of the 
Council in borrowing (under the powers given to them by the Members, 
Associate Members, and Associates assembled in Special General 
Meeting on June 30, 1908) the sum of £11,500 from the Economic 
Life Assurance Society on the security of the freehold and leasehold 
property of the Institution, being Nos. r5, 16, 17, and 18, Tothill 
Strect, Westminster, on the terms of the Indenture of Mortgage dated 


15th July, 1910, a copy of which is now produced at the meeting, be 
and is hereby authorised and confirmed." 


Mr. ALEXANDER SIEMENS: I have much pleasure in seconding the 
resolution. 


The PRESIDENT: The resolution is now open to discussion. 


No remarks having been offered, the Resolution was then put to 
the meeting, and declared by the President to be carried. 
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Proceedings of the Five Hundred and Thirteenth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held on Thursday, Decem- 
ber 15, 1910— Mr. S. Z. DE FERRANTI, President, 
in the chair. | 


The minutes of the Ordinary General Meeting held on December 8, 
1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken ах 
rcad, and it was ordered that it should be suspended in the hall. 


Messrs, J. W. Fraser and T. L. Horn were appointed scrutineers of 
the ballot for tbe election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS, 


As Assoctale Members. 


Harry Heaton Brierley. Roseman Edward H. Lovelace. 
sydney Edmund Day. Henry William Malcolm. 
Harry Francis Nottage. 


As Students. 


Alfred William B. Head. 
Archibald Davidson Peacock. 
Reginald William Rilev. 


Leslie Frank Burgess. 
Charles Stuart Buyers. 
Brian Charles Clayton. 


The following paper, “ Submarine Cables for Long-distance Tele- 
phone Circuits," by Major W. A. J. O'Meara, C.M.G., Member, was read 
and discussed, and the meeting adjourned at 9.30 p.m. 
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SUBMARINE CABLES FOR LONG-DISTANCE 
TELEPHONE CIRCUITS. 


By MAJOR W. A. J. O'MEARA, C.M.G., Member. 


(Paper received November 4, 1910, and read before THE INSTITUTION on 
December 15, 1910.) 


INTRODUCTION. 


An examination of the Fournal of the Institution shows not 
only that it is some years since any paper was read on the subject 
of submarine cables, but that no account at all of the work done in 
connection with the development of submarine cables for long- 
distance telephones has yet been presented to our members. 

The reason for this is perhaps not far to seek. Up to a very recent 
date, little departure had been proposed in the standard specification 
for the submarine type of telegraph cable in order to adapt it to meet 
the requirements of a telephone circuit, although it had long been 
recognised that really serious limitations were imposed on the exten- 
sion in the range of long-distance telephone transmission when the 
obstacle met with consisted of a wide expanse of open water subject 
to the disturbing influences of tide, weather, and traffic. 

It is generally recognised that it is very desirable that the Journal 
of this Institution shall contain such a complete record of the develop- 
ment in every sphere of electrical engineering as will afford an 
accurate history of the progress which has taken place from time to 
timc in the various electrical industries. I propose therefore to place 
before the members of this Institution a short account of a small portion 
of the work of the officers of the Enginecring Department of the British 
Post Office, the character of which will perhaps be readily admitted 
to be not only of great importance to our own country, in relation 
to trade, commerce, and social amenities, but also of considerable 
influence upon our international relations. Further, I hope that this 
information which has been collected will help to fill up pages in our 
Fournal, which may, to some extent, be considered blank at the 
present time. My task to-night.is much facilitated by the fact that it is 
not necessary to go deeply into the theoretical aspects of the subject 
of the transmission of telephonic speech, owing to the admirable 
manner in which this subject has already been presented to the 
Institution in an interesting and valuable paper by Messrs. Cohen 
and Shepherd.* 


* Fournal of the Institution of Electrical Engineers, vol. 39, p. 503, 1907 
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EARLY SUBMARINE TELEPHONE CABLES. 


The first submarine cable of any length specially designed and 
provided for telephonic purposes by the British Post Office was that 
between St. Margaret's Bay and Sangatte, laid in 1891 ; at that time 
the intention was to limit the use of this cable to the provision of 
telephonic facilities between London and Paris. Since then, many 
other cables have been laid (vide Appendix I.) and these have all 
been practically of the same type. The weight of copper and gutta 
percha in the cores was so proportioned as to make them specially 
suitable for use in connection with considerable lengths of land wires. 
The Port Mora-Donaghadee cable, for example, connecting the English 
and Irish telephone systems forms a link between 400 or 500 miles 
of land line on each side. The data available in 189o, when the 
first Anglo-French cable (referred to above) was designed by Mr. H. R. 
Kempe, now Electrician to the British Post Office, were naturally some- 
what incomplete, but the results obtained with the first telephonic 
circuit between London and Paris have proved eminently satisfactory 
from the date of its first use. This has been testified to by the demand 
of the public, not only for additional facilities between England and 
France, but also for the establishment of telephonic communication 
between England and Belgium. In the latter case facilities were 
provided in the year 1902. 

I was serving as a subaltern in the 2nd Division Telegraph Battalion 
Royal Engineers (now “К” Company К.Е.) in 189o, and became in 
this way associated with the work of establishing the first international 
telephone circuit affecting this country, for I was charged with the 
duty of making all the necessary arrangements for the selection of 
a suitable route for the lines from London to the coast, the prepara- 
tion of the estimates and the superintendence of the construction 
of the works necessary on this side of the water. I can still recall 
the anxiety that existed twenty years ago in relation to the elements of 
the problems concerning which so little practical knowledge existed, 
and which it was felt might have such an important influence on 
the success or failure of the scheme in hand. Very strict instructions 
were issued to ensure, not only that the wires of the aerial section 
should be fastened to the insulators in such manner that the centres of 
the four wires of a twisted group would form the corners of a truc 
square at these points, but also that the poles themselves should, as far 
as possible, be the same distance apart. Great care was at the same 
time taken to reduce the use of gutta percha covered wires to a 
minimum, and for this purpose the usual practice of leading wires 
into the more important post offices on the route for facilitating the 
localisation of faults was abandoned. The first precaution is still 
observed, but the same attention is not demanded to-day in respect of 
the uniform spacing of the poles, and the introduction of paper- 
insulated cables has permitted a return to the normal practice of looping 
the conductors into the important post offices for testing purposes. 
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The laying of thefirst cable (constructed by Messrs. Siemens Bros. & 
Co.) was carried out by H.M.T.S. Monarch, under the command of the 
late Mr. D. Lumsden. This operation was commenced on the French 
coast on March 0, 1891, on which date the French shore end was landed, 
the weather being favourable and fine. The late Mr. E. Graves, then 
Engineer-in-Chief, Mr. (now Sir) William Preece, then Electrician, and 
other officials from the General Post Office, had proceeded to St. 
Margaret's Bay to await the arrival of the Monarch. Shortly after the 
cable ship had come within sight of the English coast, it was overtaken 
by a.sudden and violent snowstorm ; the sea became very rough, and 
Mr. Lumsden found it necessary to cut the cable and run for sheltér. 
For a time doubt existed as to the safety of the Monarch, which had 
completely disappeared from our view. It was not until the 12th of 
March that operations were again commenced and the laying of the 
cable completed. Within a few days after the end of the cable had 
been landed at St. Margaret's Bay, good commercial speech was proved 
possible between Londort and Paris. | 

Descriptions of the first British International telephone cable have 
already been published.* The essential particulars have been extracted, 
and are given in Appendix II. 


EXPERIMENTAL PROVISION OF AIR-SPACE SUBMARINE CABLE. 


From time to time, the several Administrations charged with provid- 
ing international telephonic services have been called upon to extend 
the range of communication. The problems connected with the 
transmission of speech have in consequence been kept constantly 
before their engineers, and have received close study. А slight 
departure from the original type of cable employed was considered in 
1897, when the question of providing telephonic facilities to the Isle of 
Wight was first raised. It was well known some fifty years ago that 
the high electrostatic capacity of gutta percha covered conductors 
greatly affected the transmission of electric impulses, but it was not 
until 1887 that a satisfactory theory of telephonic transmission was 
formulated. In that year, Oliver Heaviside ł gave the essential parts 
of the theory of telephonic transmission, pointing out the importance 
and beneficial effects of self-induction and stating the relation which 
must exist between the constants of a circuit in order that electrical 
waves of all frequencies may be transmitted without distortion. His 
investigations show great power of mathematical analysis and a 
wonderful insight into complex electrical phenomena. То him most 
certainly belongs the credit of being the earliest investigator in the 
field of telephony to predict the measures necessary for progress in 
the art of speech transmission. Unfortunately, however, it was 
many years before any attempt was made by engineers to apply the 
mathematical deductions which Oliver Heaviside had placed within 


* Electrical Review, vol. 27, p. 309, 1890, and vol. 29, p. 247, 189r. 
| Electrician, vol. 19, p. 79, 1887; Electrical papers, vol. 2, p. 119. 
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their reach, to the solution of practical problems in connection with 
long-distance telephony. 

The difficulties which manufacturers may experience in realising 
the specifications of the practical engineer have always to be con- 
sidered whenever a wide departure from existing types of cable is 
proposed. So far back as 1891 Silvanus P. Thompson obtained 
a patent for “Improvements in means for use in or in connection 
with the conveyance of varying electric impulses, applicable to 
electric signalling for tclegraphic, telephonic, or other purposes" 
(Patent Specification No. 22304, of 1891). The improvements suggested 
were Ше employment of distributed inductances, leaks, etc., and this 
patent specification may be considered to have afforded independent 
testimony to Heaviside's views. Engineers, however, were not con- 
vinced as to the practicability of effecting improvements in telephonic . 
transmission by this means, and therefore a solution to the problem 
was sought by devising a method for materially reducing the electro- 
static capacity of submarine cables. A proposal which contemplated a 
solution of the problem in this manner was placed before the British 
Post Office and was readily accepted. The air-space type of cable 
designed by Messrs. Willoughby S. Smith and W. P. Granville (Patent 
Specification No. 8573, of 1895) was, in 1897, brought to the notice of 
Sir William Preece, then Engineer-in-Chief to the British Post Office. - 
The extension of the telephone trunk service to the Isle of Wight had 
just been sanctioned, and it was felt that a suitable opportunity existed 
for the employment of the air-space type of cable for the projected 
service. Further, it was hoped that data of a practical kind likely to 
prove useful in connection with future developments would be obtained 
by a trial of this type of cable, and in consequence, communication 
between the mainland and the Isle of Wight was provided by an air- 
- space cable laid between Stone Point and Gurnard Вау, a distance of 
about two knots, on June 30, 1897. 

The electrical tests carried out when the cable was laid proved it to 
be in every way satisfactory. Speech tests were also made and dis- 
closed no feature in the design. likely to cause difficulty in practice. 
It was discovered later, however, that this apparent freedom from 
defects was due to the fact that the cable under test was of too short 
a length for a complete investigation of its telephonic efficiency to be 
made. The practicability of manufacturing long lengths of this type 
of cable, with conductors symmetrically arranged throughout their 
whole length, had not in fact been proved ; but, at the time, the results 
of the tests were considered sufficiently encouraging to justify the 
adoption of this type of cable in connection with problems of greater 
magnitude, so that when an increase in the number of telephone 
circuits between England and Ireland was suggested in 1898, this type 
of cable was adopted for the purpose. 

The Gutta Percha Company has most courteously supplied a short 
description of the method used in the manufacture of the 4-core 
gutta percha insulated air-space cable laid between Nevin, Wales, and 
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Newcastle, Ireland (Appendix III.). As a matter of interest, it may be 
mentioned that this Company utilised the Röntgen rays for the ex- 
amination of the joints made in the cable, and permission has kindly 
been given for the publication of the radiogram (Fig. 1), which clearly 
brings out the arrangement of the conductors and the method cm- 
ployed in connecting them together at junctions of the several sections 
of the cable. When this Anglo-Irish cable was tested under practical 
conditions, a very serious defect was discovered, namely, that when 
two telephonic circuits were formed on the four wires, it was not 
possible to carry on conversation simultaneously without overhearing ; 
in fact, serious inductive disturbances existed between one pair of 
conductors in the cable and the other pair. 

Great disappointment was experienced when this fact came to light, 
and to clear up the situation a series of experiments was arranged in 
Мау and August, 1900, by Mr. (now Sir) John Gavey оп the three 
cables (two telegraph and one telephone) which at that time connected 
Nevin, in Wales, and Newcastle, co. Wicklow (Appendix IV.). These 
experiments were intended to.determine— 


(a) The relative volumes of sound in each cable, the terminal 
conditions being maintained the same in the three cases. 

(b Whether overhearing existed between diagonal pairs of wires 
in any of the cables, and, if so, to what extent. 

(с) Whether speech was practicable through two cables of 
standard telegraph type (107 lbs. copper, 150 Ibs. gutta 
percha) when joined in series—i.e., over 120 knots of this 
type of cable. 

(d) Whether the four wires of the telegraph cables joined in 
multiple would improve speech as compared with that of a 
metallic circuit in the same cables; that is, to ascertain 
what effect a decrease of resistance and a corresponding 
increase of capacity would have on telephonic transmission, 
and— 

(e) Whether the superimposing of a telegraph circuit on a telc- 
phone loop materially lessens the efficiency of the telephone 
circuit. 


The results were as follows :— 


(a) No. 1 Telegraph Cable.—Volume of sound sufficient for com- 
mercial purposes, but no margin for extension; articulation well 
defined. 

No. г Telegraph Cable.—Volume slightly in excess of No. 1 ; articu- 
lation very well defined. 

Telephone Cable.—Volume excellent on each pair of diagonal wires ; 
conversation could be carried on with receiver some inches away 
from ear. 

(b No. т Telegraph Cable.—There was a very faint trace of over- 
hearing between diagonal pairs, probably due to the “twist” having 

VoL. 46. 21 
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been removed at the point where the cable was led into a hut at one of 
the landing-places. 

No. 2 Telegraph Cable.—There was no overhearing betwecn diagonal 
pairs of wires. 

Telephone Cable.— The overhearing between diagonal pairs of wires 
was so loud and distinct as to result in the conversation on one pair of 
wires being easily heard on the other pair by induction. 

(c) Speaking was just practicable between experts. 

(d) Speaking was less practicable than in the preceding experiment. 

(e) The volume was reduced by about one-fourth, and the articula- 
tion somewhat blurred. 

The following conclusions were definitely drawn from the foregoing 
experiments :— 

I. Commercial telephonic communication between terminal points 
connected by a 60o-knot length of the ordinary submarine telegraph 
cable of the standard type is possible, but there is no margin available 
under such conditions, for extending the range of communication 
beyond that distance. 

2. The air-space type of cable of a similar length—6o knots—does 
afford a sufficient margin for extending the range of telephonic com- 
munication very appreciably if combined with suitable aerial conduc- 
tors, but the existence of overhearing between the two pairs of 
conductors, and the disturbances introduced by utilising one pair of 
wires for telephonic purposes and the other two wires simultaneously 
for high-speed telegraphic purposes, precludes the employment of this 
type of cable for telephonic purposes wholly, or for joint telephonic 
and telegraphic purposes, unless the telegraph circuits are impeded 
and worked at a low speed. 

Within, the last two or three years, a further series of experiments 
. have been carried out on the Anglo-Irish air-space cable with a view 
to eliminating if possible the disturbances referred to. The experi- 
ments were designed with great care and were carried out for a pro- 
longed period, but the results showed that the proposal, which had 
been revived, to utilise this particular cable for the purpose for which 
it was originally intended, would have to be again abandoned, at least 
for the present. There appears to be little doubt that the cause of the 
failure of this type of cable is due wholly to the difficulty in manu- 
facturing it in such a manner as to ensure that the conductors shall 
retain the positions they are intended to occupy, i.e., so that their 
centres shall form at every cross-section a true square. 


PROPOSALS INVOLVING THE PROVISION OF ADDITIONAL TELEPHONE 
FACILITIES BETWEEN ENGLAND AND FRANCE. 


When the question of laying an Anglo-Belgian cable in order to 
establish direct telephonic communication between London and 
Brussels came up for consideration, it was decided, in view of the 
failure of the air-space cable, to use the same type as the original 
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Anglo-French cable. The length of cable required was about со knots, 
and as it had been proved by experiments on circuits formed by looping 
the conductors of the cross-channel telephone cables that good speak- 
ing was possible through-80 knots of this type, it was therefore quite 
safe to lay 50 knots, and it was probably a wise decision to use a proved 
rather than an unproved cable. 

In 1908 the French and British Administrations found that the 
public demand for telephone facilities between the two countries had 
increased, and as a result of the negotiations between the Postmaster- 
General and the French Government it was decided to provide four 
additional circuits (i.e., two new cables) between England and France, 
each country providing and laying one. 

In considering the best means for providing the additional circuits 
it was recognised that it was not a matter in which the problem con- 
sisted merely of increasing the existing number of channels of com- 
munication, but one which afforded an opportunity, whilst providing 
the additional facilities required, to extend the range of intercommuni- 
cation so as to embrace centres not hitherto included in the inter- 
national zones owing to the great distances separating them. The 
consideration of the problem from this point of view naturally involved 
the utilisation of all the information on the subject of telephone trans- 
mission which had been accumulated in the Engineering Department 
during the past few years, in order that the design of the cable should 
admit of the realisation of the greatest practical increase in its efficiency 
at a moderate cost. 

Three methods of increasing the range of telephonic transmission, 
so far as submarine cables are concerned, have been prominently 
before the Engineer-in-Chief's staff, viz :— 


(a) By the use of heavier copper conductors, and by an increase, 
at the same time, of the separation between them. 

(b) By the provision of one or more closely arranged layers of suit- 
able iron wire over the whole length of the copper con- 
ductors in the cable—the so-called “continuous” loading 
system. 

(c) By the introduction at regular intervals of suitably arranged 
inductance or loading coils—the so-called “ non-continu- 
ous" or “coil” loading system. 


Two varieties of cable in which it was proposed to obtain increased 
efficiency in transmission by the employment of a larger quantity of 
copper per unit of length have been submitted to the Engineering 
Department, and, needless to say, these have been very carefully con- 
sidered. In both of these designs, provision has been made for the 
introduction of layers of paper between the copper and the gutta percha. 
Some particulars regarding these cables will be found in Appendix V., 
and it will be seen that each of them contains only a single circuit. 

According to our present experience, paper appears to be a some- 
what unsuitable material to employ in the manner proposed on account 
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of its hygroscopic qualities which cause it to absorb moisture from thc 
gutta percha, quite apart from the question of the probable high cost of 
maintenance that a cable in which paper is used may involve. How- 
ever, an effort is being made to discover some effective means of over- 
coming the practical difficulties which have been encountered, owing 
to the moisture exuding from the gutta percha. 

A diagram of sections of various types of telephone cables that have 
bcen adopted or proposed is given in Appendix VI. 

The problem is naturally one in which commercial considerations 
are paramount. Even a Government Department cannot really afford 
to provide public utility services at a very great loss, and it has been the 
desire of the British Post Office so to lay out its plant, especially in con- 
nection with telephonic development, that the annual revertue shall at 
least be equal to the annual expenditure. The natural desire of the 
telephone engineer is to have ready at all times schemes for extending 
the range of communication, in order to anticipate the demands of thc 
public in this direction. 

The question of providing cables of higher efficiency comes under 
consideration only as the distances of the points between which 
they are required become relatively great; in such cases the 
magnitude of the capital cost involved in providing the cables rises in 
a nearly geometrical ratio if the problem is solved by the simple 
expedient of increasing the wcight of the copper conductors, and for 
this reason proposals for heavier copper conductor types of cable have 
in recent times been in abeyance. 

The two practical methods—that of “ continuous" loading and of 
* non-continuous " loading—have been the only ones considered, there- 
fore, in connection with the proposal to increase the number of 
cross-channel communications. Needless to say, the advantages and 
disadvantages of these two types of cable have been very thoroughly 
studied. All available literature bearing on the subject has been 
scrutinised, and such information relating to those types of cable 
which have already been laid by Foreign Administrations have 
been obtained. For convenience a schedule is given in Appendix 
VII. of some foreign loaded submarine telephone cables which 
have been provided in the past,* together with a short description 
of what is involved in connection with the design of the “continu- 
ously" loaded type of cable. The latter type of cable certainly 
appears to offer an advantage, as being mechanically simpler than 
the “coil” loaded cable, but our investigations have shown that the 
increase in efficiency which it was desired to obtain could only be 
realised at an incommensurate cost. Moreover, it has been found that 
it is not possible to predict with sufficient accuracy, by mathematical 
calculation, the results likely to be obtained by the “ continuous” load- 
ing, owing to the difficulty in attaching correct values to the electrical 
constants involved. In theory, the designing of a cable of this type 


* Elektrotechnische Zeitschrift, vol, 29, p. 586, 1908 ; and also Fournal Télégraphique, 
vol. 29, p. 187, 1905. 
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seems to require merely the solution of the apparently simple problem 
of ascertaining the increase of inductance which can be obtained by 
providing layers of iron wire or tape of known permeability over 
copper conductors of known diameter, assuming that the nature of the 


Miles of Loop under Test 


5 го 
Ві of Equivalent Standard Cable 


Fic. 2.—Efficiency Tests of "“ Continuously ” Loaded Cable. 


Length, 1°78 miles. Type, 4 quads + 12 pairs. 
Copper, 2 тт.2. Iron, 1 layer 0°37 mm. wire. 
Loop resistance per mile. 27:64 ohms. 

Wire-to-wire capacity per mile, o*o8 microfarad. 
Inductance per mile, unknown, 


dielectric to be employed has' been determined and that the overall 
diameter of the finished cable shall remain a fixed dimension. 

An expression for the inductance of a loop, each of whose con- 
ductors is wrapped with a continuous layer of iron, is given in 
Appendix VIII. Although such a method of applying the iron would 
give the greatest possible inductance, either for a given outer diameter 
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of the iron covering or for a given weight, yet it cannot be adopted 
owing to the excessively large increase of effective resistance which 
will accompany the increase of inductance, for at high frequencies the 
eddy-current loss in such an iron sheath would be impraé¢ticably large. 
Hence the iron covering must be electrically divided, not continuous. 
In the cables of Appendix VII. the iron was served in the form of one 
or more layers of wire; and for a loop so loaded, the inductance and 
increase of effective resistance due to the eddies in the iron may be 
calculated from the further formula of Appendix VIII. 

Messrs. A. W. Martin and J. G. Hill, of the Post Office Engineering 
Department, recently carried out a series of comparative speech tests 
on a number of cables of this type by the kind permission of the late 
Mr. C. E. Krarup, Engineer-in-Chief to the Danish Telegraph Service. 
The results obtained on one of these cables are shown graphically in 


TABLE A. 


Based on actual “ continuously " loaded cable. 
Overall diameter of copper, 126 mils. 


———— - 


I 
Outer Diameter 8 Knot 
, Loading. of еше Percha. 
ils. 


Observed. Calculated. 


Three layers of 7°88 mils iron R 
wies m en | 355 | oo296 | oom 

Unloaded  ... viis ae 355 — 00369 

Coils of тоо millihenries Н 
every г'075 knots | 335 um о`от48 


Fig.2. The observed attenuation constants of another of the Danish 
cables is given in Table A, and for coinparison therewith, the attenua- 
tion for the same cable as found by calculation, and the attenuations 
calculated for ideal cables with the same copper conductor are also 
shown (1) unloaded, and (2) loaded with inductance coils. The details 
for these calculations are tabulated in Appendix IX. The data given 
in Table B relate in a similar manner to a cable actually loaded 
with inductance coils, the attenuations when unloaded and when 
"continuously" loaded being calculated from the particulars in 
Appendix IXa. 

A wide difference is seen to exist between the ascertained values 
for attenuation of “ continuously” loaded conductors and those which 
theory seems to predict. The expressions for inductance and eddy- 
current loss take cognisance of the air-gaps necessarily present in the 
wire winding, but the eddies are considered as existing in each 
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circular cross-section of the wire alone, thus assuming that no current 
flows from one wire of the winding to its neighbours. .This is a 
possible source of discrepancy, but the errors so introduced are prob- 
ably small. Perhaps a more important source of error lies in the 
somewhat indeterminate value of the permeability of the iron after 
it has been wound on the conductor. Change of permeability due 
to overstrain during the winding of the iron is known to occur, and 
this may be large. The disagreement between observed and calcu- 
lated values of the attenuation of cable loaded in this manner r requires, 
and is receiving, further investigation. 

The development of telephonic communication by means of con- 
ductors in comparatively long lengths of subterranean cables during 
the past few years has afforded the Post Office Engineering Depart- 
ment a valuable opportunity for making a close study of telephonic 
transmission under various conditions. In this way very much useful 


TABLE B. 


Based on actual “coil” loaded cable. 
Overall diameter of copper, 106:2 mils. 


! 
[ 
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| E 
| Outer Diameter A Kaot 
Loading. of Gutta Percha. 
Mils. 
| Observed | Calculated. 
| " | 
| А Р? : 
Coils of тоо millihenries : 
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information has been accumulated and considerable practical ex- 
perience has been gained. Mr. H. R. Kempe has gone very carefully 
into the method of calculating the attenuation of telephone circuits 
and the cost aspect in regard to the design of gutta percha cable. The 
results are valuable, and some of them will be found in Appendix X. 
Our investigations clearly indicated that it was possible to obtain 
more appreciable improvements in long-distance telephone cables by 
employing loading coils than by resorting to the * continuous" loading of 
the conductors. Therefore when the matter of the provision of additional 
submarine cables between this country and France was referred to the 
Engineering Department, inquiries were at once made to ascertain 
whether it would be practicable to provide, lay, and maintain in a 
satisfactory manner, a submarine cable of the “coil” loaded type. It 
was known that a lead-covered cable provided with loading coils had 
been laid across Lake Constance from Friedrichshafen to Romanshorn ; 
the several features of the problem involved in this case and the method 
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adopted in actually laying the cable have been fully described.* The 
conditions under which this cable was laid, however, were entirely 
different from those requiring the consideration of the Post Office 
Engineering Department, and it will be recognised that, in view of the 
difficulties which would arise in the event of the lead sheathing being 
punctured, it would have been a costly and hazardous experiment to 
provide and lay a lead-covered cable across the English Channel. 

Whilst our investigations were in progress an article appeared | 
which was somewhat disturbing. As will be seen from the extract 
given below | doubt was thrown on the possibility of improving 
transmission in gutta percha covered cables by means of the so-called 
Pupin coils, on account of the low effective insulation of gutta percha 
to currents of high frequency. In order to settle the point definitely, 
it was decided to carry out some experiments. The Department had 
a large stock of No. 7 gutta percha covered wire (weight of copper, 
40 lbs. per mile ; of gutta percha, 50 Ibs: per mile ; resistance, 44 ohms 
per loop mile ; electrostatic capacity wire to wire, 0°13 microfarad per 
mile), and also a number of inductance coils (inductance, 83 milli- 
henries; resistance, 13:4 ohms at 750 periods per second), which had 
been used originally for carrying out some experiments in connection 
with the improvement of transmission of speech in subterranean cables 
between Liverpool and Manchester. Calculations were made to 
ascertain the best disposition of the coils in this particular type of 
cable—although neither the coils nor the cable were really of the most 
suitable type—and it was found that in order to provide 55 millihenries 
per mile they should be inserted at intervals of 14 miles. A large 
number of specch tests were made on loaded circuits formed by means 
of the No. 7 gutta percha wire, by myself, Messrs. H. Hartnell, 
A. W. Martin, and other members of my staff. It was gratifying to 
find that the actual improvement in transmission was in complete 
agreement with the estimates based on the calculations that had been 
made. (By calculation the attenuation was 0'0436 per mile, and the 
observed result was o'0419 per mile.) We found that commercial 
speech was certainly practicable on 103 miles of this particular type 
of “ coil " loaded gutta percha wirc, and our doubts as to the feasibility 
of the “non-uniform” loading for submarine cables of moderate 
length were set at rest. The question of providing a “non-uniform” 
loaded type of cable was therefore proceeded with. 

In order to be absolutely on the safe side, however, when preparing 
the specifications for this new Anglo-French cable, it was decided that 
the general design of the new telephone cable in respect of the copper 
and the dielectric should be exactly similar to the type already in use, 
which it was known would provide telephonic transmission of a certain 
quality, and that the improvement desired could be obtained by the con- 

* Electrician, vol. 59, p. 217, 1907. 

+ Elektrotechnische Zeitschrift, vol. 29, 1908, p. 588. 

t "Es ist danach fraglich, ob man überhaupt Leitungen mit sehr geringer 


Dampfung als Guttaperchakabel mit Pupinspulen bauen kann, wenn nicht die dielek- 
trischen Eigenschaften der Guttapercha erheblich verbessert werden." 
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tractors either by means of “continuous” loading ог “coil” loading, the 
Department simply stipulating in the specification that the attenuation 
constant should not exceed a certain definite value. The main reason 
for this was that if it had been discovered after the cable had been laid 
that coils introduced effects not foreseen, the coils could easily have 
been cut out at a small cost and the Department would still have had 
a.cable as good as the existing one. (A copy of the specification is 
given in Appendix XI.) It is known that under certain conditions 
of design in the relation of the weight of gutta percha to that of copper 
per knot, an effect is created referred to colloquially as “ drumminess." 
" Drumminess " is a property which causes speech to be muffled, and 
therefore renders it less distinct. In an unloaded circuit “ drumminess" 
K* 
R 
The greater this ratio the more marked is the “ drumminess." 

Selected firms were asked to tender for the additional cable to be 
provided by the British Administration. No tenders were received for 
the “continuous” type of loading, but three tenders were received for 
the “coil” type of loading. In each case the mcthod of providing the 
increased inductance was different. In one case the mechanical aspect 
of the question had been very carefully gone into, and the device pro- 
posed for increasing the inductance was certainly ingenious, but this 
type of cable did not promise to be quite so efficient electrically as 
that which was finally selected ; the question of cost was also a ruling 
factor in the situation. 

The features of the device for loading in the accepted tender are 
as follows :— 

The two double coils required for the four conductors of the cable, 
each coil being of slightly less than 6 ohms resistance and having 
an inductance of o'1o henry at 750 periods per second, are inserted 
at intervals of 1 knot (1153 miles), but the two coils nearest the ends 
of the cable are inserted at a distance of only half a knot from the 
terminal apparatus, as experiments have shown that in this arrange- 
ment reflection losses are considerably reduced. Each double coil 
consists of two windings on the same iron core, and one winding 
is connected in series with each conductor. By this means the 
gradual change in permeability in the iron core due to ageing will 
not affect the balance in the two limbs of the telephone circuit. Each 
coil is protected with a sheet of metal foil in order to exclude all pos- 
sibility of the silk cowering of the wires of the coils absorbing moisture 
from the cylindrical envelope of gutta percha in which they are con- 
tanned. The cores of the cable are connected to the envelope at its 
two ends by tapered solid gutta percha joints. The diameter at the 
centre of the envelope is 3 in., and at the cores where the joints ter- 
minate r in. An annular rubber distance-piece is inserted between 
the two coils of a set to give greater flexibility. The total length of 
the joint is 30°75 in. As the diameter of the cable at the points where 

* К = microfarads, and К = ohms. 


is generally unmistakable, when the ratio per mile is equal to 0'003. 
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the coils are inserted is increased, a larger number of sheathing wires 
are required at those points than over the conductors alone. This 
diffculty is ingeniously overcome by starting a second layer of 
sheathing wires over the cores, about 27 ft. from the centre of the 
coil envelope and gradually working them into a single layer with 
those over the bulge. Finally they are terminated as a second layer 
again over the cores at a distance of about 27 ft. from the centre of the 
coil envelope. The method adopted in inserting the coils (Patent 
Specification No. 5,547 March, 1907) will perhaps be understood from 
the diagrams (Fig. 4). | 

It will be recognised that the mechanical problem in connection 
with this type of cable was more difficult to solve than the electrical 
problem, as it was necessary that the part of the cable containing the 
coils should be so designed that it could be paid over the sheaves of 
the cable-ship without any risk of damage to the coils themselves. 
However, I am glad to say that the manufacturers succeeded in 
solving this problem in a most satisfactory manner. 

The cable was under the constant supervision of the Post Office 
Engineering Department.during the period of its manufacture, and 
electrical tests were carried out from time to time. On January 18, 
1910, after the completion of the cable, measurements to determine its 
attenuation constant were made at the works of Messrs. Siemens Bros. 
& Со. at Woolwich. The conductors of the cable were joined up so 
as to provide a metallic circuit of 41:704 knots, and in order to get rid 
of terminal effects artificial cable was joined to the ends of the loaded 
cable thus :— 


FiG. 5. 


Current was supplied to this circuit by a generator giving 1°585 volts 
at a frequency of 750 alternations per second. Readings were taken 
on a thermo-galvanometer placed successively at A and B, and the 
attenuation constant was calculated by the formula Св = Сл. e^. 

With ro miles of “standard” cable* (attenuation constant o'1187 
per knot) at each end of the circuit the current values at А were found 
to be 0'327 milliampere, and at B o'172 milliampere, 8 therefore being 
0'0154. 

With 15 miles of “standard” cable at each end of the circuit the 
current values at А were found to be o'212 milliampere ; at B, o'11o 
milliampere, from which we similarly obtain В = 0:018. 

The volume of the speech transmitted over the loaded cable was 
also compared with that over an artificial “ standard " cable, the elec- 


* Sir John Gavey, Inaugural Address, Fournal of the Institution of Electrical 
Engineers, vol. 36, p. 26, 1905. 
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trical constants of which are known. The result of these tests indicated 
that the attenuation constant of the loaded cable was 0°0147. 

If the electrical constants of the Anglo-French loaded cable are 
substituted in the formula— 


S 
бн 2L 
= 2 1, 
it will be seen that the attenuation constant obtained by the sent-and- 
received current test requires that the value to be assigned to n the 
above formula must be approximately 99, whereas the value of the 
attenuation. constant indicated by a comparison with the artificial 
“standard” cable requires the value of Уу to be 8o. There is no doubt 
that leakage plays a very important part in the transmission of tele- 
phonic speech. Recently whilst in America, I found that one of the 
principal difficulties which had been encountered in that country in 
connection with the loading of long-distance aerial telephone circuits 
consisting of the larger gauges of wire was chiefly due to leakage. 
However, the difficulty has been largely overcome by the substitution 
of more efficient insulators for the glass ones which have hitherto been 
in general use in the United States. 


We have long been aware of the great importance the ratio 3 plays 


in the design of long-distance telephone circuits. In the case of gutta 
percha cables there is certainly no noticeable leakage arising from 
faulty insulation as in the case of aerial wires; still the dielectric 
currents in such cases are appreciable, and practically represent an 
effective leakage. Dr. Breisig has informed me that he has carried 
out various tests on dielectrics and has confirmed the existence of 


S 
such losses. For viscous dielectrics he finds that the value of oK 


(where S is the effective leakage, К capacity іп farads, and w is 
equal to 2 тл) is independent of the value of К; in the case where 
w = 5,000 the value is found to be о'от8. 

In dealing with the maintenance of “ coil” loaded cables after they 
have been laid, the degree of importance to be attached to the uniform 
spacing of the coils has to be considered. In repairing cables, inter- 
mediate lengths have to be inserted at times, but fortunately if repairs 
of this character have to be effected in the “coil” loaded cable, no 
noticeable impairment in the quality of the speech will result if the 
coil spacing is disturbed to an extent not exceeding 5 per cent. on 
either side of the best location from the theoretical point of vicw. 
It has been found that when physical conditions impose a variation 
of not more than 5o per cent. of the spacing for a single coil, no appre- 
ciable impairment in the quality of the speech will result provided the 
deficiency in loading is made up within the next ten loading sections. 
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The frequency with which repairs have been carried out on the 
existing telephone cables, as shown in the chart Appendix XII., will 
convey some idea of the importance of this matter. 

The investigations that had been made left little doubt concerning 
the balance of advantages in favour of the “ coil" loaded type of cable 
from the electrical standpoint, but as the expenditure involved was very 
great, and as it was felt that the main difficulty in connection with this 
type of cable would be in safely laying the cable at the bottom of the 
sea, it was Considered that special] precautions were necessary to ensure 
that the responsibility for any defects that might be disclosed after 
it had been laid, should be definitely traced to the responsible party. 
To afford the necessary protection to the Department, it seemed 
desirable to stipulate in the specification that the manufacturers of the 
cable should also undertake to lay it, and to hand it over in situ. 
This course was approved by the Postmaster-General, and the 
invitations to tender were issued on these lines. The conditions were 
accepted by Mersrs. Siemens Bros. & Co., who were the successful 
tenderers. 

The routes of the land lines serving the telephone cables to con- 
tinental countries are shown in Fig. 6. 


DESCRIPTION OF THE LAYING OF THE CABLE. 


Mr. W. Dieselhorst was entrusted by Messrs. Siemens Bros. with 
the actual operation of laying the cable, and Mr. F. Pollard, Submarine 
Superintendent, Dover, was detailed to watch the interests of the 
Post Office. 

The cable ship Faraday was employed for the purpose of laying 
the cable. Asa precautionary measure, the ordinary paying-out drum 
had been replaced by one of larger diameter, and fleeting-knives were 
also provided in order to prevent the cable from over-riding. The 
new drum was 8 ft. in diameter, and 30 in. wide, and three fleet- 
ing-knives were fitted side by side to this rather wide drum to prevent 
any undue pressure on the loading coils, which would be caused if 
two turns on the drum were fleeted by one knife only (Figs. 7 and 8).. 
It was further decided to pay the cable out without passing it under the 
dynamometer wheel as is usually the case where deep-water cables are 
concerned. All bends were avoided by letting the lead from the tank 
* go on tothe upper part of the drum, and an open wood trough was fixed 
from the cable tank to the drum to support and protect the cable be- 
tween these points (Fig. 9). Since the upper part of the drum is nearly 
in line with the stern sheave there was no extra bending of the cable 
over any intermediate supporting sheaves after it had left the drum. 
The stern sheave on board the Faraday, which has a diameter of 
4 ft., can be swung out at will to any angle, and this was found to 
be exceedingly serviceable when turning the ship round at right 
angles near Abbot's Cliff and again when the French coast was 
reached. 

The cable was paid into the Faraday's tank on the 2nd and 3га of 
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May, 1910, and the ship left Woolwich on the 4th with the official 
representative of the Post Office on board. А large party of gentle- 
men—from this country and Сегтапу—сѕресіаПу interested іп 
telephone enterprise embarked on the Faraday as guests of Messrs. 
Siemens. Operations were commenced at 5 a.m on May 5, 191o, by 
dropping a buoy, to which the shore end was attached, overboard 
about 4 mile from the South: Eastern Railway Company's retaining 
wall south of the tunnel works. For some distance the cable was 
laid parallel to the British coast, until a point was reached opposite the 
landing-point, when the ship's bow was turned towards the French coast. 

Preparations had been made by the British Administration to assist 
the Faraday in keeping her course, and for this purpose buoys had 
been placed at intervals by H.M.T.S. Monarch, the positions of 
which were recorded on a chart supplied to the contractors. The 
importance of these preliminary arrangements cannot be exaggerated. 
The English Channel is becoming very congested as regards cable 
routes, and in order to faciliate the maintenance of new telephonc 
cables some alterations in the routes of old cables had been effected 
on the English coast, so as to avoid the laying of the new cable over 
old ones—these alterations are shown in the chart (Appendix XII.). 
This chart does not by any means show the whole of the cross-channel 
cables at this point, there being nine cables in all. 

The day being fairly clear and the sca smooth, the Faraday was 
casily able to follow the line of buoys, and thc laying of the cable 
went off without a hitch, but a brisk wind sprung up late in the 
afternoon, and the Faraday had a somewhat rough passage back. 
It was not possible for the Faraday to approach nearer than 1} 
miles to the French landing-place, as the coast shelves out very 
gradually. Therefore, when the ship was about that distance from thc 
coast, the course was altered, and the remaining portion of cable 
paid overboard approximately parallel to the coast. 

The landing of the shore ends was undertaken by Mr. F. Pollard, 
Submarine Superintendent, on May 18, 1910. H.M.T.S. Alert was 
cmployed for this purpose, and the work commenced at 5 a.m. The 
shore end on the English coast was first picked up, and the cable 
coiled into.the ship's forward tank. The Alert then steamed in as 
close to the shore as her draught would allow and anchored. А raft 
was made, and the shore end paid out on toit. Theraft was then towed 
ashore by means of a warp rope, the cable being paid out into thc 
water. This work was completed at 11 a.m., and the Alert at oncc 
proceeded to the French coast, where the section of cable parallel to 
the coast was picked up. When the tide permitted, the ship steamed 
in towards the French shore paying out the cable. A short length pro- 
vided in excess of the actual length required to rcach the shore was 
cut off and the remainder of the cable was paid overboard at a distance 
of about 350 yards from the cable hut. When the tide receded this 
section of the cable was uncovered, and it was possible to carry the 
end to the cable hut. 


Fleeting-knives. 


Fic. 9.—Cable passing through Troughing and over Paying-out Drum to Stern Sheaves. 
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Since the bow sheaves of the Alert are:only 2} ft. in diameter, it 
was thought advisable to take special precautions in picking up, and 
taking the portions of the cable containing the loading coils on board, 
and again in paying them out, so as to ensure that the loading coils 
should not suffer any damage. For this reason loading coil sections 
were not allowed to ride on the bow sheaves, but tackle was fixed to a 
derrick, and the coils were carefully lifted over the sheaves. How- 
ever, in the case of the coils in the section of the cable in excess of 
that required for present needs, the opportunity was seized to ascertain 
whether the coils would be injured if allowed to pass over the Alerts 
sheaves in the absence of the precautions referred to. This portion of 
the cable therefore, was hauled aboard in the usual manner, and a speech 
test was then made on the four conductors of the cable (the ends being 
looped at the English end) to ascertain whether any damage had 
resulted. No injury was disclosed in the test; in fact, everything 
appeared in the best of order. | 

The cable has been under continuous observation since it was laid 
and a large number of tests have been carried out. Particulars of 
some of them are given in Appendix XIII. It has fortunately been 
possible to obtain independent testimony on the question of the 
increase in the range, and in the improvement in the quality of speech 
transmitted by means of the loaded cable as compared with a similar 
cable unloaded. Speech tests were made in July last by Messrs. W. R. 
Cooper, W. Duddell, F.R.S., W. Judd, and J. E. Kingsbury, and the 
results are interesting. The cable was looped at the French end (Cape 
Grisnez), and the English ends were connected to two telephone sets— 
one installed in the cable hut at Abbot's Cliff, and the other in the 
coastguard look-out shelter some тоо ft. distant. Graduated artificial 
cables were provided so that the listener at the cable-hut could insert 
various values of the “standard” cable into the circuit, until his own 
limit of satisfactory audibility was reached. It was possible to insert 
the “ standard ” cable values equally at the two ends of the cable (1.¢., 
so as to form a symmetrical circuit in relation to the submarine cable), 
or unequally, as desired. The results shown in the table on page 330 
were obtained. 

The mean gain by the use of the new cable is thereforc 17 miles of 
“standard” cable for the standard of audibility accepted as commercial 
by the four observers named. When the cables were alone in circuit 
some of the observers noticed that in the case of the new cable there 
was a distinct improvement in the quality of the speech as compared 
with the old cable. 

The employment of unloaded 800-lb. copper aerial conductors such 
as are in use for the most important long-distance trunk circuits in this 
country, will render it possible for very satisfactory conversations to 
take place from call-boxes between centres in England and on the Con- 
tinent when the added distances from the ends of the cable do not 
exceed 1,700 miles: that is to say, with land-lines of this description 
well-maintained conversations between London and Astrakhan on the 

VoL. 46. 22 
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Caspian Sea would be possible. In his inaugural address to the Institu- 
tion,* Sir John Gavey included a table of equivalents of the, various 
types of unloaded conductors. It 'may be assumed that in practice 
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Observer Listening. 


Miles. 
W. R. Cooper ... | 24 miles symmetrical 48 miles symmetrical | 24 
| 
40 miles symmetrical | 16 


W. Duddell ... | 24 miles symmetrical |4 * 50 miles symmetrical | 26 
* 55 miles at one end 2I 
W. Judd ... ... | 26 miles symmetrical 40 miles symmetrical | I4 


J. E. Kingsbury... | 26 miles symmetrical 40 miles symmetrical | 14 


* As breakdown limits of hearing. 


aerial conductors of the smaller gauges can be improved by loading 
twofold, and the conductors in cables threefold, so that it is not difficult 
to determine the centres between which the new Anglo-French tele- 
phone cable will provide communication, assuming that a particular 
type of conductor is emploved to complete the circuit. 


CONCLUSION. 


Although great improvement in speech transmission has resulted 
from this latest type of cable, yet the new Anglo-French cable cannot 
by any means be regarded as the last word on submarine telephone 
cables. An attempt has been made in this paper to place on record 
some of the steps taken in developing the art of long-distance telephony, 
but many problems remain to be solved, and they do not appear to be 
of a character likely to yield a ready answer to those secking their solu- 
tion. As in the past, the co-operation of the mathematician, physicist, 
engineer, and manufacturer are still needed if an announcement is 
to be made in this theatre twenty years hence that the progress in the 
art of telephony has resulted in an increase of efficiency comparable 
with that which has been achieved during the past twenty years, and 
which it has been my pleasure to record here to-night. 

The practical engineer recognises fully how much he is indebted 
to the mathematical investigations of Messrs. Heaviside, Pupin,+ Perry, 

и Joma of the Institution of Electrical Engineers, vol. 36, p. 28, 1905. 


ransactions of the American Institute of Electrical Engineers, vol. 16, p. 93, 1899, 
$ Philosophical Magazine, vol. 36, p. 322, 1893, 
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Kennelly,* and others, in respect of the progress made in the past. 
There are to-day a number of earnest workers, both in this country and 
in foreign lands, who are sparing no efforts to render possible the 
transmission of speech from any one point of the habitable globe to 
any other. In America, Mr. J. J. Carty, of the American Telephone and 
Telegraph Company, is engaged in solving the problem of putting the 
towns of the East Coast of the United States of America into communi- 
cation with the towns on the West Coast of that great continent. 
Recently, at Paris, he stated that he hoped to establish satisfactory 
communication between New York and Denver (distance, 1,700 miles) 
during the autumn of this year. Experimental investigations are being 
carried out by, amongst others, M. Devaux-Charbonnel in France, Drs. 
Breisig and Ebeling in Germany, M. Béla Gáti in Hungary, and here 
in our midst Mr. Gill and his able staff of assistants are vying with Mr. 
H. R. Kempe, the electrician, and the capable staff engaged on this 
work at the General Post Office. 

I feel that the most important matter to which attention should be 
turned at the present time is that connected with the measures which 
should be adopted to ensure that the scientific and practical results 
obtained by the investigators in these widely separated centres shall 
be in such a form as to be easily comparable. А scientific spirit is 
abroad, and it has been agreed to abandon standards of commerce and 
to adopt those of the laboratory to record values affecting the efficiency 
of telephone circuits. So far so good. The problem, however, is one 
containing many complexities, and the final results, I think, must 
be measured from the point of view of the non-scientific user. It 
would appear, therefore, that it is not possible to deal with telephonic 
transmission from the consideration of the attenuation constant in its 
mathematical aspect alone, but it is necessary to take into consideration 
its practical aspect as affecting audition. Inthe early part of September, 
1910, I had the privilege of taking part in experiments at Paris 
arranged by Dr. Breisig and M. Devaux-Charbonnel, which consisted 
in talking over actual telephone circuits, into which, in turn, artificial 
cables were introduced of three different types designed to reproduce 
conditions representing— 


(a) Aerial wires. 
(b) Unloaded cables. 
(c) Loaded cables. 


The talking circuits were so arranged that in each case the total 
attenuation was by mathematical calculation exactly the same. These 
experiments showed that the quality and volume in audition under the 
three different cases were by no means in agreement. Clearly, then, 
for comparative purposes, it seems to be most desirable not only that 
the conditions with regard to the circuit arrangements, including 
terminal conditions, shall be identical, but that all those who are 


* Transactions of the [nternational Electrical Congress, St. Louis, 1904, vol, 1, P. 68, 
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engaged in this important investigation should employ, in connection 
with their experiments for measuring audition, apparatus manufactured 
to the same specification and compared with an international standard. 
It is hoped that this result may have been attained as a consequence of 
the recent International Conference at Paris. 

My thanks are specially due to the Postmaster-General for per- 
mitting me to place before our members much of the information 
contained in the official records of the Engineering Department. 
Further, I have been encouraged to prepare this paper because I learnt 
from Mr. Herbert Samuel himself that it was his wish that the public 
shall be made aware of the work done in the departments which he 
directs. We recognise that the efforts to effect improvements would 
be of no avail without the very practical assistance we receive from 
manufacturers, to whom I tender the thanks of the Post Office Engi- 
neering Department, and in the matters dealt with in these papers 
there has been no exception to the general rule. I cannot close mv 
remarks without making some acknowledgment of my indebtedness 
to Mr. A. J. Stubbs, the gentlemen I have already named, and many 
other members of my staff, for the valuable assistance received, not 
only in connection with the work which has been described, but also 
in the preparation of the information contained in this paper. 
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APPENDIX 1. 


МАР OF ENGLAND AND PART OF IRELAND SHOWING IMPORTANT 
SUBMARINE TELEPHONE CABLES IN BRITISH WATERS. 
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APPENDIX II. 


SHORT DESCRIPTION OF THE FIRST ANGLO-FRENCH 
TELEPHONE CABLE. 


(Fig. 13, Appendix VI.) 
Opened to the Public April 1, 1891. 


This was a 4-core cable differing put little from those in use at the 
time for telegraphic purposes, except in the size of the cores. Each 
core consisted of a stranded copper conductor formed of '7 equal 
wires, having a total weight of 160 lbs. per knot, covered with 
300 lbs. of gutta percha per knot. The extreme diameters of the 
copper strand (d) and of the gutta percha covering (D) were o'1o8 


and 0'390 in. respectively, giving a ratio D = 3°61. 


The measured resistance of the conductor at 75° Е. was 7:453 ohms, 
and the measured electrostatic capacity 0'275 microfarad per knot. 
The sheathing consisted of 16 galvanised iron wires, each o'280 in. 
in diameter, put on with a lay of 18 in., and the external diameter of the 
finished cable was about 2'2 in. 


APPENDIX III. 


DESCRIPTION OF THE AIR-SPACE TYPE OF SUBMARINE 
TELEPHONE CABLE. 


In 1895 Messrs. Willoughby Smith and W. P. Granville took out a 
patent for a type of submarine cable core which was designed to 
combine the advantages of an “‘air-space” cable with low capacity, and 
of gutta percha insulation with its well-known durability and imper- 
meability to moisture. The method of building up the core will be 
obvious from Appendix VI., Fig. 15, which represents a section of the 
*air-space" cable laid in 1898 between Nevin, North Wales, and 
Newcastle, co. Wicklow. Each conductor consists of a central wire 
50 mils in diameter surrounded by ten wires each of 22 mils diameter. 
Two conductors were covered with gutta percha so as to form a 
crescent-shaped semicircular segment, as shown in the Fig. Two such 
crescent-shaped strips were then “laid” together with a helical twist 
and doubly covered with gutta percha to a diameter of o'580 in., 
forming a tubular core. The weight per knot of each of the four 
conductors was 138 Ibs., and the total weight of gutta percha 552 lbs. 
per knot, that is, equal to the total weight of copper. The conductor 
resistance was 8:515 ohms per knot at 75° F., and the wire-to-wire 
capacity of diagonal pairs о`1016 microfarad per knot. This capacity 
is about 1g per cent. less than the mutual capacity of two conductors 
in the ordinary Post Office type of submarine telephone cable. То 
prevent flooding of the whole cable in case of damage at any point the 
core was made solid at the joints. 
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APPENDIX V. 


PaRTICULARS OF TyPES OF SUBMARINE TELEPHONE CABLES PRO- 
POSED FOR THE ANGLO-FRENCH SERVICE. 


І. Hammered Segmental Conductors with Protuberances : Paper 
Insulation for Core. 


(Fig. 14, Appendix VI.) 


Weight of conductor, goo Ibs. per knot. 

Each conductor 1$ S.W.G. to be covered longitudinally with one layer 
of paper 1°75 in. wide and о'о15 in. thick. 

Whipped with 15 lea 2-ply yarn 1$ in. lay. 

The two conductors so insulated twisted together (about 3 ft. lay) 
with protuberances adjacent and opposite, with 9 papers each # in. 
wide and o'or2 in. thick between them. 

The pair to be lapped with three layers of paper сооб in. thick. 

Six paper strings laid round 2} in. lay. 

Double proof tape one coat, 1} in., 1 in. lap. 

Layer of vulcanised indiarubber, 0'047 in. thick. 

Layer of double proof tape to a diameter of 1 in. 

Thin coating of Chatterton's compound and gutta percha ү in. thick 
up to a diameter of 4 in. 

One layer of brass tape, { in. lap. 

Thin coating of Chatterton and covering of gutta percha o'o4 in. 
thick. 

Coating of hemp, 25 Ibs. 

Waterproof separation from gutta percha covering. 

Weight of gutta percha, 1,400 lbs. per knot. 

Sheathed with 18/0:280 in. Post Office wire. 

Two coats 3-ply Post Office hemp. 

Diameter overall, 2:22 in. 

Weight per knot, 298 cwt. 


II. Composite Core Submarine Telephone Cable (Paper and Gulta 
Percha). 


(Fig. 12, Appendix VI.) 
I X O'IO4 in. 


Each conductor 500 Ibs. per knot, 12-strand i | 
II X 00385 in. 


One longitudinal air-space paper. 

Six spiral layers of paper (with gap). 

One spiral layer of paper (without gap) to 043. 

Gutta percha ( in. thick) to 0°68 in. (572 Ibs. per knot). 

Actual capacity, 0'139 microfarad per knot (wire to earth). 

Each core brass taped, 2 cores stranded, wormed, and served jute 


yarn. 
Sheathed 21 x 0'280 galvanised steel, double jute served outside. 
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12,—Composite Core. Paper and Gutta Percha. FIG. 13.—Anglo-French (1891) Cable, 
soo Ibs. copper, 572 lbs. gutta percha. Gutta Percha Core. 


(Full size.) 16c lbs. copper, 300 Ibs. gutta percha. 
(Full size.) 
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FiG. 14.—Composite Core. Paper, India Rubber, and Gutta Percha. 


goo Ibs. copper, 280 Ibs. india rubber, 1,400 lbs. gutta percha. (Per knot.) 
(Full size.) 
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айса (Fall sie) ш P (Full size.) 


Sections of Submarine Telephone Cables that have been adopted or Proposed. 
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APPENDIX VIA. 


EsTIMATED CosT PER CIRCUIT OF DIFFERENT TYPES OF SUBMARINE 
TELEPHONE CABLES ASSUMING COPPER AT £75 PER TON AND 
Gutta PERCHA AT £560 PER TON. 


Estimated Cost. 
Attenuation 
Type of Cable. So a Ын АНЫКЫН FOnstant (А) 
PerCircuit| Per Knot. 
Per Knot. per Knot. 
£ 


Paper and gutta percha (2-core) 
500 lbs. copper, 572 lbs. gutta 
percha 

Anglo-French loaded cable (4- core) 
160 Ibs. copper, 300 165. gutta 
percha 


n 1,055 1,055 | OOI4OI 
Composite core. Paper n =~ 


260 0°01660 


rubber + gutta percha (2-соге) 

goo 165. copper, 280 165. india 

rubber, 1,400 lbs. gutta percha 
Air-Space gutta percha (4-core) 


1,145 1,145 | 003050 


552 lbs. Сове 552 lbs. gutta 143 | 0'05170 
‚ percha 
Danish loaded ‘gutta percha (4: -core) 
193 0°02960 


285 lbs. copper, 180 Ibs. c enia 
percha ies 


A ——— — M — ————— M M—— — 


The above cables do not necessarily represent the most economical 
utilisation of the materials of which they are constructed. Unfortu- 
nately the prices of the two principal materials used in submarine 
cables are subject to extraordinary fluctuations, and this makes it 
difficult to adopt a standard design for a given attenuation constant. 
It will be observed that the costs of the cables have not been based on 
current prices of copper and gutta percha. 
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APPENDIX VIB. 


STATEMENT SHOWING APPROXIMATE COSTS OF CABLES OF DIFFERENT 
TYPES, BUT OF EQUAL TELEPHONIC EFFICIENCY (8 == 00296). 


Cost. 


Copper, £75 per ton. 
Gutta percha, £560 per ton. 


Type of Cable. 
Whole Cable Per Circuit 
per Knot. per knot. 
& 

Anglo-French loaded cable,* 4 cores... 284 142 

Copper, 46 lbs. per mile. 

Gutta percha, 116 lbs. per knot. 
Danish loaded cable, 4 cores ie sai 380 190 

Copper, 285 lbs. per mile. 

Gutta percha, 180 lbs. per knot. 
Paper and gutta percha, 2 cores (unloaded) 977 977 


Copper, 390 lbs. per mile. - 
Gutta percha, 530 lbs. per knot. 


* The proportion of copper and gutta percha in this cable would not be followed 
in any future type of cable; the amount of gutta percha would be considerably less, 
and the amount of copper more. This would make the cost of the whole cable very 
much less. 
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* CONTINUOUSLY" LOADED CABLES. 
(Krarup Type.) 


The first “ continuously " loaded cable having the copper conductor 
wrapped with a layer of о'008-іп. iron wire on Krarup's plan appears to 
have been that laid by the Danish Government, in November, 1902, 
between Elsinore and Helsingborg.* Mechanical and electrical data 
of this cable are given in the table. The dielectric was gutta percha, 
and, except in respect of the iron wrapping, the cable did not differ 
materially from the ordinary type of submarine cable. This was 
followed, as will be seen from the table, by various paper-insulated 
cables having the conductors wrapped with a single layer of о'о12-іп. 
iron wire. The cable shown in Fig. 16, Appendix VI., is that laid in 
July, 1904, and is distinguished by the letter E in the table. Each 
copper conductor consists of a central wire about 0:089 in. in diameter 
surrounded by three copper strips each 0°094 in. wide and o'020 in. 
thick. The sectional area of the copper is approximately о`о124 sq. in., 
and the weight per knot 285 lbs. The iron wrapping consists of 
three layers of o'oo8-in. wire, and the insulator is gutta percha having 
an external diameter of 0:354 in. The four cores are laid up with an 
inner serving of tanned jute and an outer serving of tarred jute yarn 
to a diameter of 1°18 in., and sheathed with 15 galvanised iron wires of 
roughly trapezoidal section. The external covering appears to be the 
usual tarred yarn and compound. 

The electrical constants of the cable per knot from Mr. Krarup's 
figures are as follows:— 


! 


| Resistance. Capacity. Self Inductance. 
| Ohms per Knot of Microfarads per Knot of ; А 
Conductor. Conductor. Millihenries per Knot. 
Steady AR Steady Alternating | With Iron, | Without 
| Current. экы доо, Current. Current. ^ Iron. 
{<2 em rene, | mm e c | rr a X | M MM B ——À | a ERS, 
| . e 8 
| 3971 4175 04983 04454 07 0°93 
| 


Of the paper-insulated 1еаа-соуегеа cables the Dano-German tele- 
phone cable laid between Fehmern and Laaland in 1907 may be taken 
as representative. The copper conductor with its triple soft iron wire 
wrapping is precisely similar to that used in the Seeland-Samsó-Jutland 
cable described above. The insulator consists of paper cord laid on in 
an open spiral followed by a close wrapping of paper ribbon up to a 
diameter of 0:303 in. Four of the cores so formed are stranded together 
with the necessary worming and then covered with paper to a diameter 
of 0787 in. The diagonal distance apart of the cores, centre to 


* Moderne Telefonkabler, by C. E. Krarup.  Elektroteknikeren, December 10, 1904. 


342 О'МЕАЕА: SUBMARINE CABLES FOR [Dec. 15th, 


centre, is 0°413 in. The core after being thoroughly dried is next 
sheathed with two layers of lead alloyed with 3 per cent. of tin, each 
layer being 0:055 in. thick. The lead sheath is seamless, water-tight, 
and continuous throughout the entire length of the core. Outside the 
lead sheath is a double layer of asphalted paper and a layer of jute and 
compound. The armour consists of 13 galvanised iron wires or strips 
Y ; 0'315 + 0'252 А . 

of trapezoidal section (© ——. Х 01157 SQ. in.), and over this 
is a double layer of jute and compound. 

To prevent the destruction of the cable by the puncture of the lead 
sheath at any point solid plugs 1 metre (3°28 ft.) long are inserted at 
every 150 metres (164 yards). 


Resistance per knot of loop, 8:924 ohms ess ... } Continuous 
Capacity per knot of loop, 00872 microfarad... aus current. 

А Й А Alternating 
Capacity per knot of loop, 00770 microfarad... zia i кө к 


Inductance per knot of loop, 18:26 to 18:09 millihenries, 
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APPENDIX VIII. 


FORMUL. FOR CALCULATING ATTENUATION CONSTANT OF 
* CONTINUOUSLY" LOADED CIRCUITS. 


Values of the inductances obtained by the employment of a con- 
tinuous solid iron envelope over copper conductors are calculated from 
the formula— ` 

L=4 [log + 2 + (и—1)1ор 


r 


r+t 
Y 


Jio per kilometre, 


where— 
L = inductance in henries. 
2d = distance between centre conductors in cms. 
r = radius of each conductor in cms. 
p = permeability = 120. 
t = thickness of iron covering. 


In the case of the Danish cable tested by Mr. Martin (Cable E, 
Appendix VII.)— 
2d — 1:275 cms. 
r=0'16 ,, 
22006  , 


Then L = 07016 henries per kilometre. 


The values of the inductances* obtained by the employment of a 
wire-wound continuous envelope over the copper conductors— 


L=[2r (ket ua БҮ ктш) 


+ 2 log з? ho henries per km. of loop, 


where— 


and— 


r == radius of iron wire in cms. 
v == number of layers of iron wire. 
& == gap between convolutions of iron wire in cms. 
К, = mean radius of first layer of iron wire in cms. 
R, = mean radius of second layer of iron wire in cms. 
R, = mean radius of third layer of iron wire in cms. 
* This js from Larsen's formula (Elekérotechnische Zeitschrift, vol. 39, p. 1631, 


equation (17). The coefficient 2 is wanting in the expression as there found, because 
the author reckons indyctance, etc, “fiir у km. einfache Leitung." 
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— (R, + R, + Ry) 


r, = outer radius of iron wrapping in cms. 
r, == half the distance in cms. between centres of conductors. 
p = permeability of iron. 


In the case of the Danish cable tested by Mr. Martin (Cable E, 
Appendix VII.)— 


f = O'OI cms. 


D = 3. 

g == 0005 cms. 
R,-017 ,, 
R,=o019 , 
R,—021 , 
f,— 0722 , 
r, = 0°6363 ,, 

p = 120. 


S= 12 X 10-5 
(This value for leakance is adopted as being тоо times the capacity.) 


Then L = о'ото2 henries/km. of loop. 


NOTE. 


In the tables of Appendices IX. and IXa. effective resistances are 
calculated. The following expression * has been used :— 


Extra resistance due to eddies in the iron is— 


„== [71 ES I 1 І м ен m n 
A w = IO 58 н (ре + ID в) h г) п 2r g 
ohms/km. of loop, 


where— 


p == specific resistance of iron in ohms/sq. cm./cm. 
з == frequency in periods per second, 


and lengths are in cms. 


Further, the hysteresis loss is taken as half of the eddy-current 
loss in the iron. The reason for so doing lies in this: that Larsen +} 
finds such is very nearly the value of the hysteresis loss at 765 periods 
per second for a cable whose separate cores are very nearly similar to 
those of the actual cable, but which lie close together, instead of being 
separated as in the quad-pair arrangement to which the tables of 
Appendices IX. and IXa. refer. 

Finally, the capacity of the cable, used in the tables to calculate f, 
is found from the usual expression, substituting for the radius of the 
copper the other radius of the iron wrapping. 


* Larsen, Elektrotechnische Zeitschrift, vol. 29, p. 1032, equation (39). 
t Elektrotechnische Zeitschrift, vol. 29, т. 1033, Beispiel 2. 


945 


1910. } 


LONG-DISTANCE TELEPHONE CIRCUITS. 


— gb1o.o0 | gz10.0 


— 69£0.0 | ozto.o 


96zo.o | Z610.0 | 1Z£10.0 


"РәлләвдО |pojejnore? 


"эп теорпем зә 


‘gf 1u2jsuo? попепоәђ}у 


0800.0 


$01 X b.z 


6610.0 | gs or x b.z 


9010.0 


эәдәшопу 


19d 


g-o1 X b.z 


“SOUT 
Uy 32UEXE2] 


*ojdurexo say ul se sues ецэләй е3303 jo уц#йтәдү + 
ецозәа ерп? qii poly əjdwexə 3215 ш пол Aq рә!йпэзо aoeds , 


981.0 00.S6 | SS.£1 | go.or 


SZ1.0 00.2 96.2 | 96.2 


£Sz.o oo61 | 888 | 96.2 


регеуоләру | SRUNI 05 | wert 

Uy a ссни 
kyoedeg |?2utjonpu] d 
92utjsisox 


а 054 ye doo јо ооу ләй sjug1suo 
| a UU USES EEE 


{SEE 


OSE 


SSt 


sumo 9 
^s'd:d oSZ уе a0ue}sisoy 
ѕшцо Sz.z ‘aour} 
-SIS9J1 juolJno) 4реәјс̧ 

ier *** sjouy SZo.1 


Á19A9 'ч'ш OOI JO S[102) 


ses I popeoiu[ 


**  qour Jad suin} 
S.IOI 9JIA пол spu 
98.4 jo saker ээ, 


—————— M MÀ —À ————g6—————— d|L——————— | | а 
—— | ————— | 2————————————— 


‘Sead 2102 әд 


'jNIGYO'] 1102) HLIA ANV ONIGVOT LNOHLIM 414V) ANVS 
AHL AO SLNVISNOO AHL НПМ G33NVdNOO JIVO ANOHdATAL HSINV(] азато”] ,,ATSNONNILNOD,, V dO SLNVISNO,) 


"ХІ XIGNAUddV 


921 


зәјәшеа 
пеләло 


VoL. 46. 


г Dec. 15th, 


f 
L 


O'MEARA: SUBMARINE CABLES FOR 


8300 oz = a[qt» jauuvyy jo yura '£ pue z sagep uj ве эшен ецэлэч v3jn3 jo уцйәдү , 


fee ы лы 
^s'd'doSZ3eoouejsisoy i 


о Sz.z “ 
tS ,o/* 858 | 9910.0 | 0410.0 | /ўто.О | 1600.0 | gtr.o 00.201 | o6.oz | oz.Z1 | o6£ | anis dics 2.901 
eee #66 #00 Jouy 


‚ K1949 'ц°ш OOI JO S[IO2 
= ӯсбо.о | ozSo.o | Zrbo.o | g4zo.o | gtr.o OO.Z S6.b1 | S6.t1 | o6t be "* — popeo[u[) 2.901 


ү your Jod 5010} 
— — ofzo.o | 0020.0 | $z10.0 | 1g1.0 oo.zz | 90.91 | S6.b1 | Sob |4S.101 ‘asta пол spw | zgor | 
(99.2 jo sioÁe[ 901q |, 


"SUE Su 
рәмәвдО ‘poer SpETEJOISIN АКЕН жаа |-зчәзїпгу 
"pe: - ut ү 
S "UN | Kyoede9 |aouejonpuy | 994 JG | -ецэләд "2ddo) | 
E aa || awe. RESI ee алашы EBD Ue 'Зчүреол Es 
'oz = iba 19} { 1әўәшеи 
aouepsduy A 'sunqo ILAS CAYO) IEDAO .: 
опвЫә}әелтец2 ININ [WOMEN d juan? 2A -2ouejsisaM | 
*Juejsuoo uonenua)1y ‘doo’] jo jouy sad sjuejsuoo пеәа 3402 a1qeD 


'"a3dYO' AISNONNILNOD аху 9SNIdVO'] LNOHLIM 3'1HV2) 
SAYS AHL dO SLNVISNOO AHL HLIM G3NVdAOO AIVO яконаяляу, аяауот под HONG3N,-OTONV AHL AO SLNVISNO2 


'(рәриәшү) ‘VXI XIGNAddV 


1910. ] LONG-DISTANCE TELEPHONE CIRCUITS. 847 


APPENDIX X. 


Mr. Н. R. KEMPES METHOD OF CALCULATING THE ATTENUATION OF 
LOADED CIRCUITS, ETC. 


The formula— 
B= fl J(R? р 17) (5° + }° К°) + Е5—}°1.К] 


is not a convenient one for general use, owing to the fact that the value 


of— 
N(R? + f? L’) (5° + }° K*) + RS 


is, in the majority of cases, so very nearly equal to the numerical value 
of # L К that the equation cannot be correctly solved unless the terms 
are worked out to a very large number of places of figures ; also it is 
preferable to express L, К, and S in millihenries (J), microfarads (А), 
and ohms (e), rather than in henries, farads, and mhos ; also for the 
cable manufacturer, it is more convenient to deal with a single than 
with a looped circuit. 
The formula in this case becomes— 


в= МА | JRF GI — 51 290 + оооотаВ JR*-F(5)*. . (1) 


2 


The value of wk for ordinary gutta percha-insulated cores may be 
taken to be 12,500 approximately, so that— 


B= МАИ МЕ?" + (5 Й* — 51+ 0:016 R + 0000128 JR? + (51 . (2) 


R being the conductor resistance 7, plus the "effective resistance " p of 
the inductance coils ; i.e., R zz r + p. 

In the case of well-constructed inductance coils the effective 
resistance is 6 ohms for every roo millihenries of inductance, i.e., 
p-0'06l, so that R=r-+o006l. Formula (2) is a general one, but 
when / is larger than К (in numerical value), which is usually the case, 


then— : 
dt +.141 fk 
~ 632 1 


r being the conductor resistance exclusive of the resistance of the 
inductance coils. 
A minimum value is given to £ if r = 0°14 l, in which case— 


B == 001183 Rr, 


l= 714r. 
These two equations are all that is necessary for calculating the in- 
ductance which should be given to a cable to make it most efficient 
telephonically, and also to determine the value of 8 under this 
condition. 


and— 
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It may be remarked that the equation— 
B 2001183 Jkr 


indicates that a properly loaded cable, in relation to telepbonic 
efficiency, does not follow a “kr” but a “ kr" law, and it also follows 
that the efficiency is inversely proportional to the length, and not to 
the square of the length. 

The value of the leakance is an important factor, and could this be 
reduced tenfold, the value of 8 could be reduced about 40 per cent. ; and 
further, if it were possible to reduce the leakance practically to zero, 
i.c., to make the insulation practically infinite, then the value of В could 
be reduced 50 per cent., which is the minimum value which could be 
given to it without reducing the effective resistance of the coils below 
6 ohms per 100 millihenries, a result which has so far proved not to be 
possible. 

In comparing the improvement which can be obtained by loading a 
cable, the fact that there is a normal inductance must be taken into 
consideration. This normal inductance is about 1 millihenry per 
knot approximately, but a number of successful experiments have 
been made to determine its exact value. 

The possible improvement from loading diminishes as the con- 
ductor resistance diminishes (since, as pointed out, for best conditions 
l = 714 r), thus, the possible improvement for a 1-ohm conductor is but 
one-half that for a 5-ohm conductor. For long-distance speaking in 
this country, heavy overhead conductors are necessary not only from 
the point of view of low resistance, but also in regard to the effect of 
low insulation resistance, which, owing to climatic conditions, it is 
impossible to avoid. Loading of such lines would, even if possible, be 
of comparatively little value. 

The following formula have been developed, based on general 
principles, and enable various conditions to be calculated. 


FORMUL. FOR LOADING COILS. 


8 = attenuation constant per knot. 
W = weight of gutta percha per knot. 
w == weight of copper per knot. 
п = ratio of weight of copper to weight of gutta percha. 
£ = total cost of materials of core. _ 
а = cost per lb. of gutta percha (in £s). 
b = cost per lb. of copper (in £s). 
k == capacity per knot in microfarads. 
r = resistance per knot in ohms. 
l = total inductance per knot in millihenries. 
п, = ratio of effective resistance of inductance in ohms to 
inductance in millihenries. 
== distance apart of inductances. 
1, == inductance per coil. 


1910.] LONG-DISTANCE TELEPHONE CIRCUITS. . 849 


1000 [8° 
п, + 0°08 


mM poo 
k a-4-bn 
T = X U'192 (4, + 0°08) 


rk = 


х 1'192 (n, +008) or = а + Бо 


8 == 
k ах ьп 
6 = = E^ 


n ea 
k 0'320 
1 (voz 
ae) 
W = п 
ау 
— 1192 1192 ' 
r W or Е 
ba + Ьп 
je R 
n, + 0°08 
а = 20 


The cost, as regards the materials of the core (gutta percha апа 
copper), of obtaining a low attenuation constant, increases as the 
inverse square of the constant, i.e, if we double the length of a 
cable we double the cost and double the attenuation constant, and 
to halve this doubled constant the size of the conductor and the thick- 
ness of the dielectric must be increased; the cost of this increase 
would be double that of the original cable, length for length. 


Note re “Standard Cable Equivalent" and Nomenclature. 


The “standard cable equivalent ” is, of course, formed on a purely 
arbitrary basis and has no direct relation to the C.G.S. system, but, on 
the other hand, the attenuation constant 8 is based on the C.G.S. units. 
The actual value of 1 mile of standard cable in terms of В is taken as 
0: 103 (although there is some doubt now as to this being the correct 
value). Asa practical unit, it is suggested that the “ centibeta " might 
be adopted; thus, instead of saying that the limit of telephonic 
speech is 47 miles of standard cable, we might say that the limit is— 


47 X 0103 X 100 = 480 centibetas. 


Standard cable boxes might with advantage be adjusted to exact 
" centibeta " units, though there is at present some difficulty in doing 
this, owing to the uncertain element of "leakance" at telephonic 
frequency, coming in. 
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The word “ dampance" might be used as meaning the transmission 
value of any particular line; thus we should say the “ датрапсе” of 


the Channel cable— 
— 34 centibetas. 


The use of such a word as *dampance" is in line with modern practice 
where we speak of resistance, leakance, reluctance, etc. ; “ Іоайапсе” 
has been used by Jacob (of Siemens), and probably “ insulatance " 
(for insulation resistance) will follow in due course. The word 
“improvance,” in connection with the improvement in efficiency of 
a cable by loading, is also a convenient one. "Improvance" by 
loading in the Channel cable = 372. 


LENGTH OF COPPER WIRE LOOPS CORRESPONDING TO CENTIBETAS. 


Centibetas. 


LL. m ee eee 
——— — — — M  —_—_——- — 


Miles Miles Miles Miles Miles Miles Miles Miles Miles, Miles | Miles | Miles | Miles | 
200-lbs. wire | 14 28| 43| 57| 71| 86 | 100 | 114 | 129 | 142 | 157 | 171 | 186 
3oo-Ibs. wire 20 | 40| 61| 81 | ror | 121 | 141 | 162 | 182 | 202 | 222 | 243 | 263 
400-lbs. wire | 25 | бі | 77 | 102 | 128 | 153 
600-lbs. wire | 36 | 72 | 108 | 144 | 180 | 216 


8oo-Ibs. wire | 44 | 88 | 132 | 177 | 221 | 265 


210. | 220. 


| 
Centibetas. 190. | 200. 230. | 240. | 250. | 260. 


‘ 
Miles Miles Miles Miles Miles Miles Miles| Miles | Miles : Miles | Miles 
8 


200-108. wire 285 | 300 | 314 | 338 | 343 357, 37! 
300-Ibs. wire 404 | 425 | 445 | 465! 485 | So6 | 526 
400-lbs. wire 511 | 536 | 562 sss | 613. 639 | 664 
6oo-lbs. wire 719 | 755 | 791 | 827 | 863 | 899 , 935 
800-lbs. wire обо | 1.100 | 1,150 


883 | 927 | 97! ешн 
! | | 


I knot of cable (Anglo-French loaded) = 1:67 centibetas. \ 
I statute mile (Anglo-French loaded) = 1'44 УР 

484 centibetas — limit of commercial speech. 

Exchanges and subscribers — 216 centibetas. 


Example.—With 100 miles of Anglo-French loaded cable, how many miles of боо-1Ь. trunk 
wire can be worked through ? 


IOO X 1°44 = 144. 484 — 216 — 268. 
268 — 144 = 124 = 445 miles of боо-1Ь. wire. 
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- APPENDIX XI. 
SPECIFICATION FOR ANGLO-FRENCH SUBMARINE TELEPHONE CABLE. 


I. Conductors.—The conductor of each coil shall be of an approved 
stranded type, shall weigh not less than 160 165. per knot, and shall at 
a temperature of 75° F. have a resistance not higher than 7:452 standard 
ohms per knot for a conductor of this gauge. The lay of the stranded 
conductor shall be left-handed. 

2. Insulator or Dielectric.—The conductor of each coil shall be insu- 
lated by being covered with three alternate layers of Chatterton's 
compound and gutta percha, beginning with a layer of the said com- 
pound, and no more compound shall be used than may be necessary 
to secure adhesion between the conductor and the layers of gutta 
percha. The dielectric on the conductor of each coil shall weigh not 
less than 300 lbs. per knot, making the total weight of the conductor of 
each coil when covered with the dielectric not less than 460 Ibs. per knot. 

3. Inductive Capacity.—The inductive capacity of each coil of such 
insulated conductor (hereinafter called the core) shall not exceed 
0'275 microfarad per knot, and this shall apply equally to the com- 
pleted cable. 

4. Insertion of Loading Coils.—The loading coils will be inserted so 
that diagonal cores in the cable will be used to form a loop or pair. 
Each pair of cores to be fitted with loading coils equally spaced at such 
distances apart and of such inductance and effective resistance as will 
make :— 


(a) The volume of speech transmitted over a pair of wires in the 
completed and laid. cable at least equal to that through one- 
seventh of the same length of standard cable not including 
terminal losses.* 

(b The quality of speech or articulation not inferior to that of the 
speech throughout the standard cable equivalent] of the 
loaded cable pair. 


S. Interference.—The two loaded cable pairs to be free from tele- 
phonic induction or interference, the one from the other, and also from 
external disturbance from a contiguous cable. 

6. Labelling.—Each coil of core before being placed in the tempera- 
ture tank for testing shall be carefully labelled with the exact length 
of conductor and the exact weight of copper and dielectric respectively 
which it contains. 

7. Insulation Resislance,.—The insulation resistance of each coil of 
core, after such coil shall have been kept in water maintained at a 

* Standard cable is that having a wire-to-wire capacity for each pair of wires of 
0'054 microfarad per statute mile, a loop resistance of 88 ohms per statute mile, and 
an average insulation resistance of not less than 200 megohms per statute mile 
wire-to-wire. 

+ By the standard cable equivalent of any loop is meant the number of statute 
miles of loop in a standard cable through which the same volume of speech is obtained 
as through the loop under test. 
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temperature of 75° F. for not less than 24 consecutive hours immedi- 
ately preceding the test, shall be not less than 400 nor more than 
2,000 megohms per knot, when tested at that actual temperature, 
and after electrification during one minute. The electrification be- 
tween the first and the second minutes to be not less than 3 nor more 
than 8 per cent., and to progress steadily. The insulation to be taken 
not less than 14 days after manufacture. Т 

Each coil of core may be subjected, before the ordinary insulation 
test is taken, to an alternating electromotive force of 5,000 volts and 
100 complete periods per second for 15 minutes. 

8. Preservation.—The core shall during the process of manufacture 
be carefully protected from sun and heat, and shall not be allowed to 
remain out of water. : 

9. Foints.—All joints shall be made by experienced workmen, and 
the contractor shall give timely notice to the Engineer-in-Chief or other 
authorised officer of the Postmaster-General whenever a joint is about to 
be made, in order that he may test the same. Тһе contractor shall allow 
time for a thorough testing of each and every joint in the insulated 
trough by accumulation, and the leakage from any joint during one 
minute shall be not more than double that from an equal length of the 
perfect core. 

Io. Taping and Serving.—The cores to be four in number, and to be 
stranded with a left-handed lay, and during the process of stranding 
be wormed with best wet fully tanned jute yarn, so that the whole may 
be as nearly as possible of a cylindrical form, and shall then be'covered 
(1) with cut cotton tape prepared with ozokerit compound ; (2) with 
pliable brass tape 0'004 in. in thickness and 1 in. in width ; and (3) 
with another serving of cotton tape, similar to the first ; the lap in each 
case being not less than o'250 in. 

The cores, prepared as above specified, shall then be served with 
best wet fully tanned jute yarn, sufficient to receive the sheathing, 
hereafter specified, and no loose threads shall, in the process of sheath- 
ing, be run through the closing machine. The cores so served shall be 
kept in tanned water at ordinary temperature, and shall not be allowed 
to remain out of water except so far as may be necessary to feed the 
closing machine. 

11. Sheathing.—The served core to be sheathed with 16 galvanised 
iron wires, each wire having a diameter of 280 mils, or within 3 per 
cent. thereof above or below the same. The breaking weight of each 
wire to be not less than 3,500 lbs., with a minimum of ten twists in 6 in. 
The length of lay to be 18 in., and to be left-handed. 

The wire to be of homogeneous iron, well and smoothly galvanised 
with zinc spelter. The galvanising will be tested by taking samples 
from any coil or coils, and plunging them into a saturated solution of 
sulphate of copper at 60° F., and allowing them to remain in the solu- 
tion for one minute, when they will be withdrawn and wiped clean. 
The galvanising shall admit of this process being four times performed 
with each sample without there being, as there would be if the coating 


1910.) LONG-DISTANCE TELEPHONE CIRCUITS, 958 


of zinc were too thin, any sign of a reddish deposit of metallic copper 
on the wire. If,after the examination of any particular quantity of iron 
wire, 10 per cent. of such wire does not meet all or any of theforegoing 
requirements, the whole of such quantity shall be rejected, and no such 
quantity or any part thereof shall on any account be presented for 
examination and testing, and this stipulation shall be deemed to be and 
shall be treated as an essential condition of the contract. Before being 
used for the sheathing of the cable, the wire shall be heated in a kiln 
or oven, just sufficiently to drive off all moisture, and whilst warm shall 
be dipped into pure hot gas-tar (freed from naptha). The iron wire so 
dipped shall not be used for sheathing the cable until the coating of 
gas-tar is thoroughly set. No weld or braze in any one wire of the 
sheath shall be within 6 ft. of a weld or braze in any other wire. АП 
welds or brazes made during the manufacture of the cable shall be 
re-galvanised and re-tarred. 

12. Compound and Serving.—The sheathed cores shall be covered 
with two coatings of compound, and two servings of 3-ply jute yarn 
the said compound being placed between the two servings and over 
the outer serving of yarn aforesaid ; the two servings of yarn to be laid 
on in directions contrary to each other. 

The compound referred to in this paragraph shall consist of pitch 
85 per cent., bitumen 124 per cent., and resin oil 24 per cent., and the 
yarn referred to shall be spun from the best quality of jute, and shall 
be saturated with gas-tar freed from acid and ammonia, the yarn being 
thoroughly dried after saturation and before being used, so as to have 
no superfluous tar adhering. 

13. Measurement and Marks.—A correct indicator shall be attached 
to the closing machine, and a mark to be approved by the Engineer-in- 
Chief shall be made on the cable at the termination of each knot 
of completed cable, and also over each joint, or set of joints. 

I4. Laying.—lf the tender for laying be accepted, the contractors 
shall provide the necessary cable-laying ship and all appliances and all 
apparatus in connection therewith for the laying and testing of the 
cable during the laying operations. Facilities must be provided for 
inspection of the work, if considered necessary, by an officer of the 
Postmaster-General during the progress of the laying operations. 

The cable to be laid over the course shown by the dotted red line 
on the accompanying Admiralty Chart, or as hereafter agreed upon. 

On completion of the laying operations the spare cable left on 
board is to be delivered at the Post Office Cable Depot, Dover, or paid 
out and buoyed in the sea near Dover as may be directed by the 
Engineer-in-Chief. 

IS. The contractors are required to guarantee that the completed 
cable shall reach and maintain the standard laid down in the specifica- 
tion, and before final acceptance the cable shall be subject to such tests 
and experiments as the Postmaster-General may deem necessary during 
the manufacture, laying, and for a period of 30 consecutive days from 
the completion of the latter. 


~ 


“4 
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APPENDIX XII. А 


DOVER STRAIT CABLES 


EXPLANATION 


А "Monarch" 
ZA X April 1910 
ÁBBOTScuFF А 


FiG. 17. 


Ene Google 
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APPENDIX XIII. 


Tests BY Mr. L. B. TURNER ON THE LOADED CHANNEL CABLE, TO 
DETERMINE BY DIRECT MEASUREMENT THE SENT AND RECEIVED 
CURRENTS. 


s : 
The experiments were made in the Abbots Cliff Cable Hut on 
October 14, 1910. 
The high-frequency current used in the tests was supplied from 
the General Post Office, London, over a pair of telephone wires. 
The arrangement of the apparatus was thus :— 


Gris Nez cable 


— Е 


London 


Fic. 18. 


To prevent appreciable reflection-effect at the far end of the circuit 
it was found that rather more than 20-m. standard cable must be 
inserted. Actually 60-m. standard cable was used. 

The ammeters C, and C, were Duddell thermo-instruments. Their 
heaters had resistances of roughly 170 and 4 ohms respectively. 

There was some difficulty in obtaining a uniform supply from the 
alternator, and consequently accurate measurements could not be 
made. The table below includes the only results on which, owing to 
the unsteadiness of the supply of high-frequency current, any reliance 
can be placed. 


Frequency p.p.s. с, с, P 81 "m 
Mili- | Mmi- | су | BL Bl. 
Readings. Mean. amperes. | amperes. ка? 
1,720 — 8:92 2:23 4'00 1'390 
— 6°42 1°80 3°56 1'270 1°33 
1,232 X 797 3'09 2'57 0'940 
= 898 | 338 | 265 | 97970 | o6 | 
1,060 6'20 2`54 2°39 0870 | 087 | 
762 — 783 4°28 1°83 0°605 
— 702 3°91 180 0°590 0°60 
744 576 | 309 1.85 0'615 
752 06 | 233 172 0'540 


4 
772 756 | 576 | 309 | 1'84 о'бто 0°59 
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The following graph is plotted between the mean values for 
frequency and for 1. 


1, the length of loop under test was 40`0 knots. 


Al 
I:5 


О 500 1000 1,500 2,000, 
Frequency 


FIG. 19. 


To compare these results with the value of В as indirectly obtained 
by speech tests we proceed thus. That single frequency which best 
represents the voice, so far as volume of sound is concerned, has been 
found to be about 8oo p.p.s.* 

From the graph, for this frequency— 


Bl = 063. 
і.е, В = 00158. 
Assuming 800 р.р.ѕ. to be the simple equivalent voice frequency, 
the value of the attenuation constant as found by speech test com- 
parisons with standard cable is— 


В = 0'0169. 


DISCUSSION. 


Dr. J. A. FLEMING: It is most interesting to see that the suggestions 
originally made by Oliver Heaviside more than twenty years ago are 
beginning to bear fruit in practice, probably not so quickly as could 
have been desired, but then theorists perhaps have not always recog- 
nised that practical engineers who are responsible for the expenditure 
of large sums of money, as in this case, must advance slowly and make 
sure of the ground beneath their feet. Nevertheless we have now 


Dr. 
Fleming. 


* F. Breisig, Berichte der Deutsche Physikalische Gesellschaft, Heft 5, 1910. 
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arrived at a condition in which these suggestions have been put into 
practical application. Those who are acquainted with the literature of 
this subject will, I think, feel that a very great share of the credit 
must also be given to Professor Pupin, whose papers in 1899 and 
1900 * form an era in the history of this subject ; because it was Pupin 
who first gave a practical rule for the spacing out of loading coils. It 
was quite one thing to say, “ Add inductance to cables to neutralise 
capacity," but it is quite another thing to give practical engineers rules 
which can be followed in actual engineering for doing it. Pupin's law 
is very seldom stated ; I have hardly ever seen it precisely stated in 
papers or books on the subject. But it is very simple. He shows that 
if there bea loaded cable with lumped inductance at intervals, and 
if you imagine that inductance with resistance and the inductance 
spread out uniformly so as to make a uniform cable, then the difference 
between the loaded cable and the uniform cable can be expressed in a 
very simple manner. If we have a loaded cable with the lumps of 
inductance at intervals, and we put upon that cable a- wave of 
potential which occupies a certain distance, and we call that wave- 
length 2 я, then the interval between the loads can be expressed by an 
angle, called 0. Pupin shows that the difference between the loaded 
cable and corresponding uniform cable of equal total resistance and 
inductance will be just the difference there is between sin 4 and 
19. This Anglo-French cable practically complies with that law. 
Take, for instance, the case of a wave-length as in this cable ‘for the 
frequency given in the paper, 750; I find that wave-length is about 
I2 knots. So, therefore, if the spacing is 1 knot, the interval between 
the inductance is үх part of збо, which is 30°, and therefore the loaded 
cable is to the uniformly loaded cable as sin 15° is to 15°, The differ- 
ence between those two is not much more than 1 per cent. So that in 
that case the cable follows Pupin's law. Morever, it has been shown that 
the same law is followed for a type of cable which was originally sug- 
gested by Professor Silvanus Thompson. On pages 320 and 324 of 
the paper there are some very interesting remarks on the effect 
of the leakage on a loaded cable. A doubt appears to have arisen, 
as expressed on page 320, whether a gutta percha cable could be loaded 
effectively. It seems to have been suggested that owing to the large 
dielectric current there may be some difficulty in doing this. I should 
like to ask the author whether this so-called large dielectric current 
is a true conduction current, whether it arises from moisture of the 
gutta percha or any other cause. I find that the attenuation constant 
of a loaded cable, or in fact any loaded cable in which the pL is 
large compared with the К, and the $ K is large compared with the 


S, can be quite simply expressed by / it or by , / RK ч. р. This 


shows why the increase of the S increases the attenuation constant, if 
that S in this case is really a true conduction current. Then there are 


* Transactions of the American Institute of Electrical Engineers, vol. 19, p. 93, 1899 ; 
vol. 17, p. 445, 1900. 


рг. 
Fleming. 


Mr 


Dieselhorst. 


Sir John 
Gavey. 
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some very interesting statements in the paper concerning the 
uniformly loaded cable and the difficulties of pre-determining the 
attenuation constant of uniformly loaded cables. I venture to think 
this difficulty arises from the difficulty of pre-determining the perme- 
ability of the iron for small high-frequency magnetising forces. I have 
recently been carrying out some experiments in my laboratory on that 
very point, and I find that a very simple and effective way of deter- 
mining the permeability for low forces of iron wire is to measure 
the high-frequency resistance of the wire in a way I described some few 
months ago at this Institution in a paper on “ Some Quantitative Mea- 
surements in Connection with Radio-telegraphy."* In that way we can 
find the permeability for small forces, such as those we are concerned 
with in telephone currents. I find that the magnetic permeability of the 
iron for these low forces is very much lower than would be imagined 
from the ordinary magnetisation curves. Thereforeif we work from the 
figures of the ordinary magnetisation curves we assume the permea- 
bility to be much larger than it really is, and therefore the attenuation 
will come out less than it is in actual practice. This may prove to bea 
means for the determination of the permeability of uniformly loaded 
cables. Without doubt the author has provided us with the means of 
comparing theory and practice, and correcting the theory where it 
happens to be faulty. 

Mr. W. DIESELHORST : Some remarks made at the Conference of 
Government Telegraph and Telephone Engineers in Paris seem to 
have left the impression on those present, as well as those who have 
read the published proceedings, that difficulties are anticipated in 
repairing submarine loaded cables. Since Messrs. Siemens Bros. & Co., 
Ltd., are responsible for the entire construction of the loaded telephone 
cable recently laid across the Channel, with the exception of the 
dimensions of the core and the sheathing, and have, in their opinion, 
taken every care that no such difficulties should arise, I should like to 
ask the author why, and on what grounds, such difficulties are antici- 
pated. Knowing the behaviour of the cable in question during laying 
and during picking up of one of the coils, I have no reason to sup- 
pose that any difficulties need arise during a repair. I may also 
mention that when the amount of self-induction to be introduced and 


its spacing was determined by those responsible for its design, the 


distribution of the necessary self-induction was so chosen that it 
allowed of a large displacement of one or several coils during neces- 
sary repairs. This is in agreement with the author's remarks on 
the point. | 
Sir JoHN Gavey: I should like to congratulate the author on the 
bold and successful manner in which he has tackled this very serious 
problem of increasing the carrying capacity of our telephone sub- 
marine cables. Through the old cables that were originally laid across 
the Straits of Dover the limit of speech from London, if my recollection 
is right, was reached at Lyons on the east and Marseilles on the west. 
* Fournal of the Institution of Electrical Engineers, vol. 44, p. 344, 1910. 
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How the author has extended that distance he has already told us. 
Much of this improvement is, of course, due to the increased efficiency 
of the loading coils I remember some years ago, when we com- 
menced experimenting with loading coils, we found that the effect of 
iron in the core was, it is true, to increase the volume of sound, but 
also to impair the articulation, and the result was that for some years 
the Post Office devoted its attention to developing loading coils with- 
out magnetic cores. There were several objections in practice to the 
use of these coils, but as they do not affect the question of sub- 
marine telegraphy, I will not waste time by referring to them. But 
in the course of time the improvements made in loading coils with 
magnetic cores has been so great that it will be observed that 
they have increased the carrying capacity of this type of cable 3:5 
times, as compared with about two and a half times the maximum 
possible a few years ago. The subject of continuous loading has 
attracted my attention for some time past, because I think there is 
room for the use of this method in connection with the land lines 
necessary to connect submarine cables with the great centres of 
commerce. In the past the Post Office has erected very costly trunk 
lines. The weight of copper to the mile has been adversely criticised 
in some quarters as being extravagant, but even with the so-called 
extravagant weight of copper per mile, the conductivity has been 
reduced by the entry of rival electrical enterprises into the field. The 
spread of electrical tramways with overhead trolley conductors all 
through the country has led to the need for leading these heavy gauge 
wires into post offices in most of the towns they traverse, and fitting 
them with heat coils and fuses, with the result that generally the effec- 
tive conductivity of our heavy conductors has been reduced by nearly 
20 per cent. through the addition of these protective devices. Again, 
the Post Office has done what it could to maintain overhead wires for 
trunk-line purposes in all the large centres of commerce, but the 
diffculty of doing so becomes greater day by day, and the time will 
arrive when most, if not the larger portion, of these town sections will 
have to go underground. It occurred to me, in connection with a 
similar problem I had to deal with in Buenos Aires, that we might 
with advantage introduce continuous loading, if not on submarine 
cables, on underground work. It appeared to me that in the first 
efforts to deal with that question of continuous-current loading possibly 
some mistakes had been made. The superimposing on the copper 
conductor of two or three layers of a very fine wire in order to get the 
necessary magnetic field meant a great deal of cost, considerable 
waste of space with increased electrostatic capacity, and, further, the 
iron wire was hardened in lapping it on the conductor ; and this, no 
doubt, was one of the factors which prevented the application of the 
ordinary formula in determining the value of 8. I therefore prepared 
а specification for an air-spaced insulated cable, the conductor to 
consist of a 100-lb. copper wire, lapped with a very soft iron tape, 
ті in. in thickness and yy in. wide, the compound conductor to be 
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thoroughly annealed, then coated with a hard varnish and insulated 
with paper in the usual way. The contract was taken by the British 
Insulation and Helsby Cables Company ; a great deal of time was 
spent on the preliminary experiments, and the result obtained on the 
first sections that were tested was that we got a conductor with a self- 
induction of L = 10 milliamperes per mile as compared with 1 milli- 
ampere in the unloaded cable. The effective resistance was 20:2 ohms 
per mile loop, and the calculated value of 8 was 0:024. This indicated 
an improvement of 7о per cent. on the ordinary unloaded cable. The 
speaking tests similar to those described by Major O'Meara gave 
4°34 miles of the loaded cable as equivalent to 1 mile of standard, ап 
improvement ot 77 per cent., so that the calculated and the observed 
results were very close. We obtained a further improvement a little 
later as the result of extended experience in manufacture, and in the 
second lot of cable the tests gave a capacity of о'о59 microfarad, a 
self-induction of 17 millihenries, and an effective resistance of the 
loaded conductor of 22:4 ohms per mile at a frequency of 800; the 
value of В was reduced to 00207, and 4:97 miles of this cable were equi- 
valent to 1 mile of standard cable. This gave a calculated improve- 
ment of тоз per cent., as compared with тоо per cent. by speech test, 
and the speaking tests on the whole cable gave an improvement of 
94 per cent. From those results I deduced the fact that, given a 
knowledge of the magnetic properties of the lapping of iron, and 
taking care that if it is hardened, as it must be in winding it on a small 
conductor, it is subsequently annealed, then the ordinary formula 
given by Pupin will make it possible to determine in advance what 
the improvement is in the cable. I notice, too, that the value of the 
induction L is very close to that calculated and shown in one of the 
tables prepared by the author. At all events, we can say that, although 
the original submarine cables continuously loaded only gave an 
improvement of 60 per cent. in their transmitting power, we have 
already by adopting improved measures obtained an improvement of 
IOO per cent. 

Mr. H. R. KEMPE : Major O'Meara has been kind enough to refer to 
the part which I have taken in the question of submarine telephone 
cables. My investigations have not been so much in the domain of 
theory, but more in the direction of simplifying theory if possible, and 
what is more important still, in getting practical data in order to 
enable theory to be brought into practical operation. Some few years 
ago I was interviewed by a newspaper correspondent, and I recol- 
lect showing him one of the coils which we used for our under- 
ground loading. It was of a somewhat large size, and what I said to 
him was this: “15 it possible to put a block like this into a sub- 
marine cable? It is practically impossible." My opinion on that 
point, on the possibility of loading by such means, has been very con- 
siderably modified since then. Later on, Mr. Dieselhorst was good . 
enough to show me what he had done in the direction of placing 
loading coils in submarine cables, and I expressed a certain amount of 
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doubt as to their utility even when I saw what he had done. I must 
confess I was by no means confident about them, but I felt that a 
movement had been made in the right direction, and that the whole 
problem of loading submarine cables was near, if not very close 
indeed, to practical realisation. The experimental coil which he made 
at that time is practically the arrangement which has been adopted 
in the present Paris cable. Mr. Dieselhorst asked whether Major 
O'Meara could give some information in reference to the question 
of repairing the type of cable in which he was so largely interested. 
I have no doubt he will be able to do so, but I should like to add my 
quota of information, not so much in regard to the repair of the cable, 
as in regard to its durability. Certain wiseacres have shaken their 
heads and made the remark, “ Yes, the cable is down, but will it last ? " 
А remark of that sort is nearly always made in connection with every 
new enterprise ; when the first Atlantic cable was put down it was 
queried, * Willitlast?" I may say that I have had the new cable under 
my observation ever since its birth. I made tests on it the moment 
after it was laid, and I also madc a series of tests from month to month 
for a considerable period, and I can testify that the condition of the 
cable when I last tested it was exactly that of an ordinary cable which 
had not any loading coils in it; in other words, the cable is just as 
perfect as any ordinary submarine cable, and there is not the slightest 
doubt'in my mind that the cable will last as long as any form of cable 
which has yet been put down. Even if the cable had failed, my faith 
in it would not have disappeared. If a failure had taken place the 
cable would have been picked up and the cause of the failure would 
have been found, and that failure would have been remedied. The 
question of “ leakance " is of very great importance, and we have much 
to learn on that subject. An experiment was made not very long ago 
оп a condenser by one of my personal staff. He took a one-third 
microfarad condenser, the normal insulation resistance of which was 
many thousand megohms. Under a current of high frequency 
—I think 1,000 or 2,000—the insulation went down to 8,000 ohms, 
which shows the extraordinary results obtained from high-frequency 
curents. There is another curious point which Mr. Dieselhorst 
has drawn attention to, namely, that we may have two dielectrics of 
diferent qualities, one dielectric having a high resistance under a 
Steady current and the other dielectric a rather lower one; then the one 
that is highest with the continuous current may become the lowest 
with a high-frequency current. What the cause of that is is not known 
at present, but I mention it as a curious fact upon which possibly 
some one may be able to throw light. Some difference of opinion 
appears to exist as to whether coil loading or continuous loading is 
bes. The whole question, in my opinion, is purely one of finance. 
А low value of 8 can be obtained without any loading at all, by 
making the conductor large enough and the dielectric thick enough, 
but that will produce drumminess, which can only be got rid of by 
loading with a certain amount of inductance, Į believe the best 
VoL. 46, 24 
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result obtained at present by continuous loading is an improvement 
of about 70 per cent.; possibly by further investigation it may be 
practicable to obtain a higher percentage than that; but with the 
new Channel cable an improvement of 220 per cent. has been ob- 
tained. If we worked out the actual cost we should probably find 
that the low value of 8 obtained by means of loading coils is less than 
that obtained by continuous loading. There is another point to which 
I wish to refer in connection with continuous loading. If we have a 
set of underground wires, the cable containing perhaps тоо wires, and 
they are not all required for telephone purposes, then only half a dozen 
of them may perhaps be loaded, but later on it may be found that twenty 
are required. What is to be done then? We cannot draw out the wires, 
continuously load them, and then draw them in again, but, on the other 
hand, we can load them by means of coils, and from that point of view, 
therefore, apart from the question of cheapness, it is quite. possible that 
loading by means of coils may in many cases be preferable, although the 
space which the coils take up is a somewhat serious item ; any experi- 
mental evidence which will enable the size of the coils to be materially 
reduced will be of very great value. Referring once more to the question 
of continuous loading, I may mention that the Post Office is at present 
engaged in making an extensive series of experiments in order to deter- 
mine the permeability of iron and the conditions under which we can ob- 
tain continuous loading in the most simple and most economical manner. 
‘‘Drumminess” has been referred to. What constitutes * drumminess " 
is very much a matter of individual opinion. When the first telephone 
cable was laid down across the Channel, it was not loaded, but yet 
it was considered to be a great success, and I think the public were 
entirely satistied with the quality of the speech they obtained—certainly 
it was not considered to be “drummy.” But when they come to 
speak through the loaded cable there is no doubt they will say, ‘ This 
is very much better." They do not say that the cable which is not 
loaded is useless, they say it is * drummy" compared with the other ; 
hence the necessity for a standard of articulation clearness. I want to 
mention one fact in connection with Appendix VIII. in regard to tbe 
investigations which I have made. Му aim has been, as I pointed out 
when I commenced my remarks, to obtain as far as possible simpli- 
fication in the formulae. Now we have a most alarming formula in 
that appendix, with reference to the inductance obtained by means of 
continuous loading. The real reason why that formula is left in its 
present form is the absence of knowledge of the value of the various 
constants. When once data are obtained which will enable one to 
determine the actual value of certain constants, the field of the 
particular equation concerned becomes considerably narrowed, and 
we are brought down to practical limits ; and under those conditions 
the equation can be much simplified. With a long formula one is 
liable, when giving the various elements their numerical values, to 
make mistakes which may only be discovered when the calculation is 
complete, and then all the work has to be gone through again, and 
that operation may have to be repeated several times. 
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Mr. A. WHALLEY : Referring to Fig. 4, may I ask how the joint is 
made strong enough to be pulled through the standing machine before 
it is armoured? Apparently a new cable is to be laid by the French 
Government in its turn. May I ask also if it is yet known when that 
cable will be laid, and of what type it will be? Presumably the intro- 
duction of loading coils with relatively thin insulation on the two wires 
will demand special protection against lightning. The chief point, 
however, that I wish to raise is the value of 6 as it appears in the 
paper. We find five different values given for the new cable as the 
result of tests. The highest and lowest appear to be the speech values, 
and they differ by 14 per cent., both having apparently been made by 
comparison with an artificial standard cable, perhaps with the same 
standard cable in both cases. If the lower figure be correct, then 
apparently the average frequency of the British male voice is rather 
below 750 instead of above. Possibly this artificial standard cable has 
a higher В value than is indicated, and this has caused the results to 
appear rather low in any cable measured by comparison with it. Three 
of the figures for 8 are measured by means of an alternator, and they 
agree fairly well together. Two of them are recorded, and one of them 
can be deduced from Fig. 19. May I ask why 1:66 centibetas is adopted 
for this cable, if the average of the other four tests is nearer the figure 
I3? An excellent curve is given on the last page (Fig. 19) showing how 
the value of В for this cable varies with frequency. We have three fre- 
quencies given in the paper : 750, 800, and goo. At goo by this curve [3 
is 20 per cent. higher than at 750, and at 8oo itis more than 5 per cent. 
higher. Though this curve is excellent, it would be still more so, and 
fill one more of the blank pages of our records if the author would be 
so kind as to add two more curves to it, one to show the old Anglo- 
French cable and the other to show a typical air-space land cable. 
Dealing also with 8 in Appendix VIa, page 338, a column is given in 
which they are not all apparently on the same basis. Some are speech 
tests ; some have a frequency of goo,’ and one or two may have been 
taken at 750. It appears therefore to be important when declaring the 
values of 8 to make it clear how far frequency affects them, and whether 
terminal losses are included or allowed for when 3 applies to a loaded 
cable. Speech tests, according to the four gentlemen who went to 
Dover for the purpose of measuring the “gain” by loading compared 
with the old cable, give results varying from I4 to 26 miles, a difference 
of nearly тоо per cent. This is one of the best illustrations we can 
have of the unreliability of speech tests for determining cable 
constants. It is to be hoped that the alternator method with re- 
liable frequency control* may be developed to produce a com- 
posite wave representing a fairly average speech wave by the usc 
of several machines. One interesting point arises with regard to 
tests made by these four gentlemen. Each worked out his own 
limit of audibility. They naturally varied amongst themselves, but 
I should like to ask if the lengths in standard miles of each of the 

* Post Office Electrical Engineers’ Fournal, vol. 5, p. 10, 1910. 
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two cable circuits have been worked out, and do they agree? As 
regards the continuously loaded cables, the particulars given about onc 
of them—the Danish-Sceland-Zutland—do not appear to be in agree- 
ment, as on page 340 the figures are nearly half of those given on the 
other pages, and it looks as though cither 8 applies only to the single 
conductor of the loop instead of two conductors, or else as though 
possibly by an error the figure applies to a loop kilometre instead of to 
a loop knot. The difference is 1°56 centibetas, page 340, against 2°96, 
pages 338 and 345. From Fig.2 we are able to deduce the terminalloss. 
on one of these Danish continuously loaded cables. On a 20-knot 
cable it apparently has the effect of increasing the length by 16 per 
cent. Is there not an error in the horizontal line of Fig. 2? Should it 
not be either “ 37" alone or else “ miles of equivalent standard cable"? 
I can find in the paper no indication of the true terminal loss of the 
Anglo-French loaded cable. Apparently this loaded cable is five times 
better than standard cable, which means that a working length of 
20 knots is equal to 4 knots of standard, and of these 4 knots 12 
represent the terminal loss, leaving 2:8 to represent the cable. But 
then 1'2 knots of standard cable is equivalent to 8'7 of the real cable, 
this meaning the addition of 8:7 knots to a length of 20 knots, or 
apparently 434 per cent., to represent the terminal loss at the ends due 
to reflection if such loss cannot be neutralised. This figure agrees 
fairly with the results given by Mr. Martin, in his paper before the 
Post Office Institution, for air-spaced loaded cables, in which the 
terminal losses varied from 40 to 65 per cent., whereas in the con- 
tinuously loaded Danish cable the terminal loss appeared to be 16 per 
cent., all for 20-knot lengths. Why should we not have a “ Kempe”? 
As regards the new term “ centibeta," I am afraid it will be confused 
with “centimetre” in conversation. With regard to the term “ im- 
provance," we must be on our guard to indicate whether it includes 
terminal loss, and for what particular length of cable that loss is 
included. . 

Mr. ALEXANDER SIEMENs: With regard to the diagram which 
shows the telephone cables across the Channel and the number of 
repairs which have been made, nothing has been said as to what 
was the cause of the faults. I should be very sorry indeed if the 
audience thought that the cables had been so badly manufactured that 
they had to be repaired for that reason. I want to make it quite clear 
that the fishermen's anchors are responsible for the repairs, and not the 
badness of manufacture of the cables. Then, if I may find another 
fault, I notice the author has spoken of a length of cable of so manv 
“knots.” Now, that hurts a sailor's feelings, because a “knot” is a 
rate—viz., I nautical mile per hour. The correct term is “ nauts.” 

Dr. SILVANUS P. THOMPSON : It is clear that mathematical calcula- 
tions land us in a difficulty, because one does not precisely know 
to what to apply the calculations. It is all very well to take a frequency 
of 750 and see what happens on applying mathematical calculations. 
It means that we are working only for this one particular note, We. 
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do not always speak on that particular note. We speak in various 
notes, bass and shrill; the very vowels we use are of different fre- 
quency, and are compounded of different frequencies, and any mathe- 
matical solution we obtain on the assumption of one frequency will be 
wrong for any other. That is to say, if we had a cable that was 
absolutely and perfectly compensated for one particular note, then 
when we talked through the cable that note, if we hit upon it, would 
sound out louder than anything else or than any of the other elements 
of the compound. “Drumminess” consists in the prevalence of a 
booming note among the general periods of speech, so that evidently 
we can only get at an average result at the best; and it is evident that 
experiment will have to play a very great part rather than pure theory 
in. determining what ought to be done, The difficulty of continuous 
loading has been referred to, and I was exceedingly glad to hear from 
Sir John Gavey of those further improvements which have been made 
which apparently render continuous loading quite as practicable as any 
other. It has been pointed out that there is an apparent increase of 
resistance due to the reactions that occur in the performance of induc- 
tive coils, and it has been suggested that this is an objection to the use 
of the inductive coils. I venture to point out that that is only the case 
if they are placed in series in the circuit. But if inductive coils be 
used in the manner I proposed in 1891 as shunts at intervals across the 
cables, then the increase of resistance will certainly be of no harm, 
and possibly may be of some benefit. 

That leads me to put in a word on behalf of the particular 
variety of compensation that I put forward so long ago, and which 
has not yet received the same grateful attention from His Majesty's 
Government, nor indeed from other authorities, as has the rival 
method of putting in inductance coils in series. Professor Fleming 
was good enough to point out that the mathematical theory is 
the same for both so far as distribution is concerned, but the problem 
is really a very different one. I did not arrive at the suggestion 
I made from anything that I read in Heaviside ; that would have 
led me in another direction. In 1874 G. K. Winter * described the 
use of inductive resistances in cable signalling, such shunts being 
used at the ends of the cables, as Varley had previously used them. 
lf an inductive shunt placed across the ends of a cable will improve its 
action, why will not inductive shunts when placed anywhere else? I 
Proposed to put inductive shunts along at intervals as leaks from the 
cable to the sheathing, or between two separate cores—inductive leaks 
Which would accelerate the speed of telegraphic signalling, and might 
be hoped to do the same thing for telephoning. I was led to believe it 
would be good for the telephone because of a communication to the 
British Association ł made by Sir (then Mr.) William Preece in 189r, 
when the London-Paris telephone line was constructed ; for it was 
found that the talking between London and Paris was in no way 
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interfered with when telephonic receivers were bridged across the 
circuit at the two ends of the cable; in fact, such bridging rather 
improved the working of the line. I said, Why nol bridge elsewhere 
than at the ends? If the evil is distributed all along, how can we fight 
it by things put at the ends? Fight that distributed evil by a dis- 
tributed remedy. Put bridges at such intervals as may be necessary. 
Since then we all know what a great advance has been made in the 
speed of submarine signalling by Mr. Brown, by the identical means of 
putting an inductive shunt across the cable to earth at the ends, exactly 
what Varley and Winter proposed, and what I mentioned in 1891 as 
the starting-point of my ideas. I proposed to do the same thing at 
intervals all along. I suggested that for telegraphic signalling one 
might be required every 500 miles, or possibly every тоо miles, and for 
telephonic signalling it might be every 100r 20 miles. From to-night's 
discussion I judge that 12 nauts appears to be the proper thing for tele- 
phonic signalling. To makean Atlantic cable that will telegraph easily 
300 words a minute, we shall require one such inductive shunt across 
every 360 nauts ; which, on an Atlantic cable 2,000 miles long, will 
mean five such shunts only 360 nautical miles apart; and with an 
additional one at each end you will have altogether seven inductive 
shunts across as bridges. If you want to signal 1,000 words a minute 
you must place a shunt every 110 nautical miles, which would mean 
having 18 shunts as bridges across, acting as inductive leaks. Is there 
any trouble in testing them? We have heard there is nowadays no 
trouble in testing things that have induction in them. Is there any 
trouble in repairing them? Weare told not. Is there any trouble in 
laying them? Even there we are told there is not. Then I plead once 
more for my particular solution, that it should be given a trial exactly 
as fairly and as squarely as that given to the other method. 


DISCUSSION AT MEETING OF JANUARY 12, IQII. 


The RicuT Hon. HERBERT SAMUEL, M.P. (Postmaster-General) : 
Mr. Chairman and gentlemen, unfortunately I was unable to hear the 
paper that was read at the previous meeting of this Institution. I was, 
as some of you may think, better employed, some of you may think 
worse employed, at the time electioncering in the country, and conse- 
quently I speak this evening under some slight disadvantage, though 
indeed it is not a very great one ; for even if I had heard the paper, and 
even if I had had an opportunity of studying it since, I am afraid that, 
as a mere layman, I should have been able to say nothing which would 
have been of value to a gathering of electrical engineers. As you 
would naturally presume, I am not an expert in the matters with which 


, you are accustomed to deal. Nevertheless I have had some personal 


experience of the results that are achieved by the particular method 
which has been adopted by Major O'Meara in the new submarine tele- 
phone cable between England and France, for that cable was one 
afternoon connected with the telephone instrument in my room at the 
House of Commons, and several of my colleagues and myself were able 
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to test by actual experience the difference in the transmission of speech 
by the old cable and by the new. No one can have that experierice, 
and actually hold the instrument at his ear and at one moment speak 
to Paris through the old cable and at the next speak to Paris through 
the new cable, without realising the extraordinary difference in efficiency 
which has been achieved by the, invention that has lately been 
adopted. Indeed, this new cable opens up very wide vistas of future 
telephonic communication. It is always assumed that Government 
Departments are devoid of imagination, that the officers of Government 
Departments are swathed in red tape, and that the bureaucrat is the 
most unprogressive of human beings. No опе, I think, in these days, 
can make these accusations against the Post Office, certainly they can- 
not make such accusations against the Chief Engineer of the Post Office, 
for his imagination is of a soaring kind, and he promises us at no very 
distant date, if a somewhat coy Treasury is ready to provide the neces- 
sary means, to establish telephonic communication even between London 
and Calcutta. Whether that date is so near at hand as optimists may 
suppose is, of course, a matter of opinion, and a question which only 
experience can solve. But certainly it is the very earnest desire of 
those responsible for the direction of our postal, telegraphic, and tele- 
phonic communications to extend as rapidly as may be the radius over 
which telephonic communication can be carried, and, as speedily as 
may be, reduce the charges to the public for the use of those facilities. 
Already, thanks to the provision of this new cable, and to the additional 
facilities which it makes possible, we shall be able in the near future 
to reduce by 5o per cent. the telephonic charges for communication 
between London and Paris, and in other ways in the future, we trust, 
that other diminutions of charges may be effected. The Post Office is 
no longer a mere institution which sells stamps and carries letters ; it is 
already, possibly, the largest electrical business in the country, and 
is becoming more and more a highly specialised engineering under- 
taking. As telephony develops, so it will become in increasing degree 
a field for the operation of the electrical engineer. If only in this 
country we had the standard of telephonic use—the amount of use 
made of the telephone which has already been attained in the United 
States (and to that end we are rapidly working with all the means in 
our power)—if we had achieved that standard, there would, indeed, be 
a vast field for the work of electrical engineers under the supervision 
of the Postmaster-General. With a view to those developments in the 
present and in the future it is necessary that our Post Office engineers 
should have the highest electrical qualifications, and various changes 
are being effected in the internal economy of the Post Office system 
with a view. to securing that a really high standard of efficiency shall 
be attained by those engineers who are working in the service of the 
State in that Department. Well, to-night it is, of course, not my task 
to take part in the technical discussion which is about to begin. I 
would only say that it is a great pleasure to me to visit this fine and, 
indeed, palatial building which your Institution has provided for itself. 
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Right H Hon. I should like to take advantage of this occasion to express my acknow- 
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ledgments, and the acknowledgments of my Department, to your 
Institution for your kindness in allowing the use of your building to the 
Society of Post Office Electrical Engineers, who, I know, very greatly 
appreciate the facilities which you have been good enough to give them. 
For myself I would only thank you most cordially for the opportunity 
which you have given me of listening to the discussion to-night. 

Mr. F. GiLL: I think we are very greatly indebted to Major 
O'Meara for placing at our disposal the results of the Anglo-French 
cable and also a number of other very valuable results. I think also, if 
I may say so, Messrs. Siemens are to be congratulated on an exceed- 
ingly interesting piece of work very well performed, perhaps none the 
less interesting because in this case, I understand, the designing, 
laying, and everything else was left to the manufacturers, who were to 
produce results. 

In reading over the paper I have come across a few difficulties, and 
if Major O'Meara would have some of these cleared I think it would 
add to the value of the paper, because I am sure that frequent 
reference to it will be made as times goes on. In Table A, I think the 
first line may refer to the cable mentioned in Appendix VII., cable E ; 
the wrapping is the same, but the attenuation constant is different. Is 
that due to a different frequency? If so, perhaps the author will tell 
us what it is. Table B refers to an actual coil-loaded cable, but I 
think the first line is the Anglo-French cable. If so there is a very 
obvious slip which probably the author has noticed. In the second 
line he gives the attenuation constant as 00766 per naut. That gives an 
improvement of 4°61 due to coil loading, which at once arouses 
suspicion. If we then turn to Appendix ІХА, where particulars of the 
Anglo-French cable are given—and where incidentally the attenuation 
constant per naut is given at the same figure, namely, 0°0766—we get 
the data from which to calculate the attenuation constant, and we find 
it is not 0°0766, but 0°0522 per naut, or 0°0453 per mile. That agrees 
with Mr. Kempe's figure of improvement of 3:2; I think the error 
misled one or two of the speakers at the last meeting. 

On page 329 Major О’ Meara saysthat the gain by the use of the new 
cable is 17 standard miles on the speech test. But the equivalent 
length is, I believe, 10°46 standard miles for the unloaded and 3°32 for 
the loaded, that is a difference of 7:14 standard miles, and as talk was 
over double the distance the gain would then be 14:28 and not 17 at 
all. If 17 is right then the attenuation constant is wrong. I think the 
real point is that 17 is not right, and the attenuation constant is 
correct. 

In Appendix VI., Fig. 14, the weight of copperis the weight per 
strand, not the total weight. In Appendix IXA, if Major O'Meara would 
add to the details there given, the total length, the equivalent, and the 
initial sending end impedance, or characteristicas it is sometimes called, 
he would help us. 

Now coming to the paper itself, on page 320, reference is made 
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to some coils which were used for certain experiments. І ат Mr. Gill 
afraid they were very inefficient coils—one might almost call them 

* shocking" coils. The resistance for 1 henry was 162 ohms, over 

2} times as much as for the coils made by Messrs. Siemens. I think 

that suggests they were air-core coils—I do not know, but it rather 
suggests it—and if so that illustrates as well as anything the impractica- 

bility of getting the desired result with air-core coils. I hope I may 

пом congratulate Major O'Meara on having given up air-core coils, 

and taken up the use of iron-core coils, which have been available 

for some years. 

The author has mentioned-Dr. Breisig's experiments. {took part 
in those experiments ; of necessity only a short time could be given to 
them, and I did not feel at all satished, but came away from them in 
considerable doubt. We know that with dry core-cable and open 
wire the same [3 / does give very much the same class of talk, with 
what may be called a colour difference, and Major O’Meara may 
remember some experiments made at the end of 1904 in which this 
was demonstrated. But in Dr. Breisig's experiments for the same 8] 
there was a very great difference in the talk, and that at once raised 
suspicion as to the build of the artificial cable. 

In Appendix X. Mr. Kempe states that a minimum value is given 
to B if the conductor resistance of the cable per unit length is o'14 times 
the millihenries per unit length. I should like to take this opportunity 
of saying that several years ago Mr. Shepherd gave me an expression 
for exactly the same thing, and it is only due to him that I should 
mention it. The figures were a little different ; they were 0°127 l instead 
of o'141. Mr. Shepherd was working with dry-core cables at the time. 

Major O'Meara has shown that there is a very poor case for 
continuously loaded submarine cables; in fact, I think he has shown 
that, unless there аге mechanical difficulties, the continuously 
loaded submarine cable has not any claim. It seems to me very 
probable that Messrs. Siemens’ arrangements have got over that difh- 
culty. If that is so there should be no more continuously loaded 
submarine cables. But the case for land lines as usually laid is even 
worse. In this case the cost of the insulation is not expensive—it is 
only paper and air ; but the cost of the lead sheathing and the duct con- 
taining the cable is very expensive, and by continuously loading you 
increase both those costs. So far as economy is concerned, it is nottoo 
much to say that the claim for coil loading is as great on the saving of 
the cost of the duct space as on the saving in the cable. I know that 
loading goes beyond economy ; it enables you to obtain results you 
could not get otherwise, but I am not referring to that point. Sir John 
Gavey gave an illustration at the last meeting, and I have had a case 
worked out. He did not give the length of the line, but I assumed it was 
a short line. I therefore took 3 miles of underground cable at the end 
of a long open trunk line. It was a 10oo-Ib. cable loaded with iron tape, 
so that the attenuation constant was 0'0207 per mile. You can get 
equivalent talk if you replace that by a 70-lb. cable loaded with two 
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coils in that distance giving an inductance of o'og henry per mile. 
When we compare the annual costs we find that, taking the con- 
tinuously loaded cable as roo, the coil-loaded cable is 56. If the cable 
be placed in the ground with no duct the costs are still very strongly 
in favour of coil loading. There has been a good deal written 
on the question of continuously loading heavy conductors, mainly 
on the Continent, and, as far as I can see, most writers have 
ignored this question of the cost of the duct space. Mr. Kempe 
has referred to the very great advantage given by flexibility, so that 
there is no need to go over that point again. On account of the Post 
Office owning the long lines in this country the National Companys 
practice has had to be confined to very short lines. We began this 
work in 1906, and we have now loaded, or are loading, over 2,500 


. miles of circuit. Take one example to show what is being done on very 


short lines ; a line 34 miles long is made up of 20 Ib. cable, and by the 
insertion of two coils the equated length is reduced from 3'5 to 19 
standard miles, an improvement of 1°84, not necessarily the best that 
can be done, but sufficient for the purpose in view. We have not up 
to the present done any loading with one coil only, but experiments апі 
general work indicate that we can put one coil in a short length, and 
get an improvement of, say, from 1'2 to 2. Dr. Thompson had asked 
that his method of parallel loading should be given a trial. I think on 
consideration Dr. Thompson will see that that method is entirely unsuit- 
able for telephone conditions, and I do not think he is at all likely to 
see his desire carried out. 

Then I should like to say a few words about the standard mile. 
The standard mile, or standard kilometre, is, of course, an arbitrary 
unit, and doubtless it would be better if it were based on the C.G.S. 
system ; but it satisfies a certain need at present, and is doing useful 
service, and I very much doubt if we are ready to drop it and to take 
up the proposed unit. There are very weighty reasons against 
this proposal. The propagation constant is made up of two parts: 
the attenuation constant and the wave-length constant. It is true 
that in ordinary work we ignore for the moment the wave-length 
constant, because comparisons are made against a standard mile in 
respect of which the wave-length constant is well known. But this 
proposal relies on the attenuation constant only and neglects the wave- 
length constant altogether ; before all work can be expressed in terms 
of attenuation length the instrument or apparatus by which the attenua- 
tion length is to be measured must be precisely defined so as to cover 
the wave-length question. Until that is done I think the suggestion 
is a partial one and cannot practically be carried out. Further, the 
readings would be true for one particular frequency only—an arbitrary 
frequency, shall I say—and would therefore be liable to revision every 
time the mean frequency of specch is more accurately determined. 
Again, they would be of no use for telegraphic work, because tele- 
graphic work might not have a frequency corresponding to that 
of speech. I am no opponent of scientific nomenclature, but I do 
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not think there is any use in starting to make an alteration unless we 
are ready for it. 

The author mentions three methods of increasing the range of 
transmission ; there is a fourth which he does not mention. If you 
take four wires forming two pairs of circuits and by means of repeating 
coils make a third circuit, although you get a loss on the two physical 
circuits, after a certain length has been exceeded you get a gain on the 
third circuit, the phantom circuit, and that is then better than the two 
physical circuits were before the coils were introduced. By making 
certain assumptions as to the land lines I calculate that the old circuit 
from London to Paris has an equated length of 22:34 and the new 
15°18 standard miles. If the old cable circuit were duplexed (I have no 
experience with gutta percha cables, and therefore I may be all wrong) 


I would expect there would be a gain of something like то standard: 


miles on the whole circuit; that is to say, the duplex circuit would 
give a result considerably better than that obtained by the new circuit. 
It is true there would be a loss on the physical circuits ; but the ques- 
tion which arises is, Would it be possible to limit the two physical 
circuits to short-distance traffic and let the phantom circuit take care 
of the long-distance trafic? Major O'Meara may say that that is 
already in contemplation. I would like to know whether it is pro- 
posed to load the aerial circuit on the new cable, and, of course, I want 
to know whether the author is going to duplex the old cable circuit 
and whether the new cable can be successfully duplexed. I know that 
Mr. Carty has shown lately that it is now possible to gain a further 
improvement still by loading the phantom, but I do not refer to that 
because at the time the Anglo-French cable was made it was not 
feasible to load a phantom circuit. 

Mr. D. SINCLAIR : To some of us who are older at the business it is 
delightful to think that the speaking capability of the cable connecting 
France and England has beén improved by something like three 
or four times. That is very good news for every one who wishes the 
industry well. I would like to add to what Mr. Gill has said that 
I think Messrs. Siemens should be very proud of the part they have 
taken in the matter. Looking back over a great many years, the posi- 
tion strikes me something like this. There was a day when iron in 
connection with long lines was anathema. Some of us were foolish 
enough to have erected iron lines, but we had to take them down and 
put up copper for which somebody had to pay. With succeeding 
years the time arrives when we are told that the best circuit is a com- 
bination in some shape or form of copper and iron. To the scientist 
perhaps more than to the practical man, I think, we are indebted for 
that knowledge. Now the problem before us is how to make the best 
use of copper in conjunction with iron. That Pupin coils give the best 
results at present goes without saying, but I do not think it would 
be a healthy position for every engineer to say that it must remain the 
best and only method. I think it is the duty, especially of younger 
engineers, to see if they can get something nearly as good, or better, 
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in some other way, and I will state my reasons. If we introduce these 
coil connections every 3 miles in the line, say, between London and 
Glasgow, to an old telegraph engineer that would seem equivalent to 
introducing so many test-boxes in the line ; and if there was a devil inthe 
circuit at allin the old days it used to be in the test-box. One or two of 
the test-boxes had, usually speaking, a dry joint, and that dry joint wasthe 
cause of endless trouble. I do not know whether the skill of the British 
workman, or any other workman, under the supervision of excellent 
engineers has overcome the frailty that attends the cutting up of cir- 
cuits into such short distances, but it is something that has to be taken 
great care of, and itis something that, under conditions where super- 
vision is expensive or scarce, or cannot be had at all, might not be 
admissible. Therefore some engineers have looked at the question 
with a view to producing the desired result without introducing what 
I call this enormous number of test-boxes. That is more perhaps 
an old prejudice than a material fact at the present day. Sir John 
Gavey approached my company some time ago on this very 
interesting subject, and asked if we would make a length of con- 
tinuously loaded cable to try this experiment. We looked into it, 
and we found that by putting iron strip round the copper con 
ductor we could start off with an improvement of something like 
бо per cent., that being the best result previously obtained with con- 
tinuously loaded cables We have been conducting experiments for 
six or seven months, and have produced and delivered a cable that 
has tested up to 102 per cent. improvement on a length of 47} miles 
of loop, and tests on short lengths show that we can do a very great 
deal better than that, but just how much better we can do I would not 
like to say at present. The improvement is so serious that I do not 
think the matter should be left there or taken lightly. I think the 
experiments should be extended further, and we are therefore making 
at Prescot another length of cable where the improvement will be 
much more than 100 per cent. Where you have a long line of open 
wires interspersed with short lengths of cable, it is difficult to introduce 
Pupin coils and get a good effect, but it is not difficult to introduce 
continuously loaded cable of this class. I have an impression myselí— 
I may be wrong—that there are many conditions and places where this 
cable could be used. The question arises whether you can use it 
commercially, and Mr. Gill has said that the cost of the pipe requires 
consideration in that connection. What takes place is this. When 
you increase the size of the copper conductor by winding iron on it 
you increase, if you retain the standard capacity, the total outside size 
of the cable, and that perhaps requires, under some conditions, an 
increased pipe. In the case for which the cable I refer to was made, 
the pipe was already in existence, and the cable is not now big enough 
to fill the pipe, so that the pipe is there and the cable is not big enough 
to fill it. That you will find in practice will often be the case. If you 
have a pipe that will carry 300 conductors and you only want to put 
50 conductors in it, there is no use in saying the pipe will cost you more 
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until you arrive at the time when you are carrying such a large number 
of wires that you must have a larger one. But there are a great 
many cases where that does not exist, and therefore I think a great 
many situations where continuously loaded cable could be used giving 
a very great improvement indeed. The cost of that improvement, 
leaving the consideration of the pipe out of the question, is, as near as 
I can calculate it, this: you get at least 100 per cent. improvement 
from the speaking point of view at an extra cost of 50 per cent., and 
that, by using a quantity of iron on the copper, just equal to half the 
weight of the copper. At the moment I am not prepared to say 
whether 50 per cent. of iron to copper is the right amount. We are 
sure that if you put more than that on you will do harm ; we are not 
sure if you put less than that on you will not do more good, but it 
requires further experiment. As a member who at one time attended 
these meetings pretty regularly a few years ago, I remember there was 
always one point thrown out in the discussions, namely, that the 
mathematician never obtained very liberal encouragement from the 
practical engineer as to what work he should do. I suggest that here 
is a case where the electrical engineer or manufacturer is dying for a 
mathematician who will tell him what the improvement will be on the 
one side, or the loss will be on the other, when he varies the iron in 
proportion to the amount of copper used. That will save him a lot 
of expense. Instead of having to find it out by manufacturing a long 
length of wire, if the mathematician can tell him on a sheet of paper 
what the result will be, the manufacturer will be only too glad to meet 
the mathematician. Then we could all work together, shake hands, 
and hope we would arrive at a good result. I do not know that I have 
any more to say except this, that I feel the absence very much of what 
I would call the master mind on this subject from our meeting to-night 
—I refer to Mr. A. W. Martin of the Post Office. I have read his work 
in connection with this subject with very considerable interest. I do 
not remember any work or paper that created more excitement at the 
back of my head than Mr. Martin's work on this subject, since the old 
days when Professor Hughes showed us the difference between 
resistance when measured by high-frequency currents and by steady 
currents. 

Mr. F. TREMAIN : Perhaps I may be allowed to explain that the 
composite-core cable, illustrated in Fig. 14, which I designed in 1901, 
and details of which are given in Appendix V., had an actual capacity 
from wire to wire of o'107 microfarad per knot, a resistance of r'419 
Standard ohms, and an insulation, when manufactured, of 12,571 
megohms per knot, compared with wire-to-wire capacity 0°1375, and 
а resistance of 7:209 in the case of the Anglo-Belgian cable, which was, 
I believe, manufactured at about the same time. The exceptionally 
large conductor was used in the experiment in order to determine the 
maximum size with which a low capacity could be obtained, and it was 
recognised that in practice a smaller conductor of the same type would 
Probably be used, The intention was to provide not one circuit as 
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- LP indicated in Appendix VIa. but two, the second being made available 
by the use of suitable transformers at the cable ends, by which the two 
conductors could be used as one for a second circuit with the sheath. 
ing of the cable as a return ; hence the helical winding of paper cord 
outside the pair of conductors to keep them away from the rubber 
dielectric, and ensure a reasonable capacity from the two conductors 
to the sheathing. As a matter of fact, this capacity proved to be 
0'256 microfarad per knot for a 1,650-lb. conductor. My proposal 
was to lay a cable of this type from a point near Felixstowe to the 
nearest point on the Dutch coast, the object being to provide a tele- 
phone service between London and the principal. Dutch towns, as well 
as to German seaports, and more particularly Berlin. The experi- 
mental length was manufactured in January, 1902, and I find from my 
notes during manufacture, that it was intended to leave the conductor 
round for about 3 yards from the ends of each length, and dis 
continuing the paper and rubber in order to seal each section with 
gutta percha, so that loading coils might be inserted to be completed 
over all at the joint with gutta percha insulation. А special type of 
loading was designed, and it was stipulated that the iron cores of the 
loading coils should not exceed 3 mils in diameter. I also made 
experiments at this time to prove that both phantom and physical sets 
could be loaded. The 1,400 Ibs. of gutta percha used in manufacture 
was thought at the time to be heavier than was necessary. It will be 
observed that from the sample there are two separate servings of gutta 
percha with a brass tape between. This construction was not found 
altogether satisfactory, and the outer covering of gutta percha had to 
be made thicker than would otherwise have been necessary consequent 
on the tape being embedded in that material. It was therefore decided 
that in view of the layer of rubber provided within the gutta percha 
the outer layer of gutta percha could be entirely dispensed with, and 
the inner coating reduced, the brass tape being placed outside the 
dielectric in the usual way. As the inner layer of gutta percha weighed 
875 lbs. per knot, and the outer layer 580 165. per knot, it will be seen 
that the total quantity of gutta percha would be approximately half tha! 
indicated in Appendix VIA, and the cost of the cable materially reduced. 
Of course, in the case of the first, second, and last cables mentioned in 
Appendix VIA, the weight of gutta percha for each conductor is given, 
and I think the cable of my design would, as a matter of fact, have 
a considerably smaller quantity of this material than the other cables 
mentioned. At the prices quoted for copper and gutta percha, I notice 
that in the first-named cable the cost of these materials is £430, and in 
the Anglo-French cable £321, whilst in the one of my design—includ- 
ing £70 for rubber—the cost is £480. The estimate of £1,145 15 
therefore, very high, and must, I think, be based on higher prices. 
The attenuation constant per knot for the Anglo-French unloaded 
cable being 0:0766, the air-spaced cable under consideration is about 
2j times as efficient. As the shortest distance between England and 
Holland is а little more than twice that between Dover and Calais, we 
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should have obtained by the use of this cable as good a service to 
German towns as .that provided between England and France. 
Unloaded, it would have allowed of communication with the greater 
part of the German and Austrian Empire as well as with places in 
Denmark, etc. ; and, if loaded, of communication through German 
territory to the Russian capitals. As regards the practicability 
of this cable, it is true that with time the paper absorbs the 
moisture from gutta percha through the rubber, but it was thought 
not to be impossible to find a dielectric other than paper which 
would not absorb moisture, and in this design the specific 
inductive capacity of the insulation would not be of, the same 
importance as in the case of solid insulation, as the greater part of the 
area between and around the conductors is air-space. Perhaps I may 
be allowed to express my indebtedness to Messrs. Henley's Telegraph 
Works, Ltd., for making the experimental length, which I venture to 
think may yet be the basis of a working cable. 

As to the economic aspect of the question, too much emphasis 
may be laid on the cost of cables in view of the costly land lines 
with which they must be associated. The author has told us that 
with conductors weighing боо lbs. to the mile it would be possible 
to establish communication between London and the shores of the 
Caspian Sea. If open wires of this extent are required to feed a 
cable with trafhc (and seeing that these lines would not only run 
in one direction or be provided on one side onlv of the Channel), 
I think we may assume that the share of the heavy aerial wires 
utilised by each submarine circuit would not be less than, say, 2,240 
miles. As the pair of wires weigh 1,600 lbs., these circuits involve 
the use of 1,600 tons of copper, which, at £75 per ton, would cost 
£120,000. If to this be added the cost of the pole-space occupied by 
a pair of wires—say, £20 per mile—the cost of the aerial line proper to 
one submarine cable pair would not be less than £152,000 or £300,000 
for such cables as those under discussion. Whilst, therefore, it appears 
perfectly sound to ascertain with care the cheapest submarine cable 
possible for a given efficiency, it might conceivably be worth while to 
pay а considerable sum for a slight improvement, as it might effect an 
actual saving by rendering possible a slight reduction of gauge over 
these great distances, or render possible a further extension of, say, 
50 miles radially, and open up a wide belt of additional territory for 
revenue-earning purposes. А 5 per cent. saving on the aerial line costs 
above referred to would pay for the entire cable from shore to shore. 

Concerning the feasibility of loading aerial lines, I should like to 
point out that, apart from the difficulties of climate which have to be 
contended with in this country and, probably, on the Continent, a pair 
of loaded wircs is likely to be much more susceptible to interference 
from outside sources than an unloaded pair, being as it were in a 
hypersensitive condition. 

Sir John Gavey spoke of the reduction of the effective conductivity 
of heavy conductors in this country by the introduction of protective 


Mr. 
Tremain. 


Mr. 
Tremain. 


876 :O'MEARA : SUBMARINE CABLES FOR LONG- [Jan. 12th, 


devices as being nearly 20 per cent., but I think it will be found that 
from this and other causes the depreciation is much greater, chiefly, of 
course, due to the difficulty of getting open lines erected in the cities 
and towns. I believe it is a fact that the London-Glasgow telephone 
wires—a pair of which weigh 300 tons and which theoretically should 
equal 9 miles of standard cable—in practice are only equal to 14 miles 
of standard cable, and it is deplorable that the unreasonable restrictions 
of local authorities to the erection of open lines should have involved 
the expenditure of enormous sums for additional copper, which would 
not otherwise have been necessary. I presume the author anticipates 
getting his 800-lb. conductors erected throughout Europe without 
the interpolation of lengths of underground which would render 
communication over the distance he mentions well-nigh impos- 
sible. 

We are all, I am sure, grateful to Mr. Kempe for his efforts to 
simplify the application of these complicated formule, and his table 
of telephone loops in terms of centibetas well repays studying. It is 
rather alarming, for instance, to find that nearly half the total recorded 
as the limit of commercial speech is absorbed in Exchanges and sub- 
scribers’ lines, and leads one to doubt the wisdom of the policy of 
placing at the disposal of all local subscribers the long-distance service. 
If special circuits were provided for long-distance users or, as an alter- 
native, they were required to attend at the Trunk Exchange for their 
business, it would evidently be possible to effect very considerable 
economies in the long-distance plant and increase the area of territory 
in which telephonic communication could be possible. No one could 
take exception to the new terms he suggests, but a previous speaker is, I 
think, less successful. Apart from the danger of confusion likely to arise 
due to the use of the term “knot” for length, the term he suggests for 
nautical mile is not euphonious. I have recently been working out the 
attenuation constant for various circuits, and have had to use many 
noughts. If I had also used the term “ nauts” instead of “knots” I fear 
confusion might have resulted. I am afraid that in the Post Office the 
use of “ knot” for this purpose is almost ingrained in our nature. It is 
thus used in Merryfield's * Navigation," Clark and Sabine's Tables, 
Latimer Clarke's * Metric Measure," and in some encyclopzdias and 
dictionaries. As a way out of the difficulty I would suggest that we 
adopt the title “Siemen,” а name we all delight to honour. 

I find on looking through some of my experimental note-books that 
early in 1901 inductive shunts were tried by me on a cable 39 miles in 
length, the cable being bridged in the first instance at approximately 
half-mile points, 43 inductances each measuring 5j henries being used. 
No increase of volume was apparent, but the articulation was thought 
to be a little clearer than through the unshunted cable. At intervals of 
2 miles—the individual value of the inductances remaining the same 
—the speaking was thought to be distinctly better with a very slight 
increase in volume. At intervals of about 4 miles, ten inductive 
shunts, the speech was not quite so good as before, and a further 
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reduction produced still worse results. The improvement was so 
sight compared with that obtained with much smaller inductances 
in series, whereby a 24 to 3-fold improvement was obtained, that the 
experiment with inductive shunts was not further pursued. 

Mr. B. DaviES: I am sorry to say that Mr. Judd, who intended to 
be present this evening and say a few words on loaded-line experi- 
ments carried out at the Laboratory of the Associated Telegraph 
Companies at Electra House, is unable to be present to-night, and 
therefore with your permission I will refer to those experiments very 
briefly. The object at the outset was to produce a distortionless cable. 
The experiments were suggested by Sir Oliver Lodge, and were carried 
out in 1904-5. An ordinary submarine type of artificial line was 
adopted for the experiment. Into this were introduced inductances 
at regular intervals along its length. These inductances were ironless, 
and were variable. Leakances were also introduced at similar intervals, 
those intervals being represented by about 3 microfarads of the line. 


The interval corresponded with about a 1o-naut length of cable of - 


mean thickness The leakance could be varied in resistance from zero 
up to 1 megohm, and the inductance could be varied from zero up to 
about 1 henry. The conductor of the cable itself could also be varied 
considerably, so that we had an arrangement that was comfortably 
flexible. The results obtained werc interesting, and threw a flood of 
light on the problem. The cable became extremely lively when 
adjusted to the distortionless state. It was almost my first experience 
in submarine telegraphy, and I remember well my astonishment in 
seeing the signals issuing at the distant end very much of the same 
character as they were sent in. The signals at the receiving end 
needed little or no correction in the way of shaping, the line acting 
almost as an ordinary aerial linc. From the distortionless point of 
view the experiment was successful. But, unfortunately, although the 
signals came out very crisp and sharp, they were very attenuated. 
The attenuation really became serious. What happened obviously was 
this, that the product of the resistance and capacity—that trouble 
which is the main trouble of the telegraph engineer—was avoided, 
but another trouble was encountered, that was the product of resistance 
and leakance, and the one is just as vicious as the other, telegraphically. 
The leakance component could, of course, be reduced by increasing 
the inductance, but it was not considered feasible in practice to load 
the cable to a greater extent than 003 henry per naut. Owing to our 
inability to increase the inductance the distortionless cable had for the 
time to be abandoned. A cable loaded with 0°03 henry per naut, and 
rendered distortionless by the application of appropriate leakance, 
could not be worked in practice under existing conditions of sending 
and receiving if its length exceeded that corresponding to 13 seconds 
of plain cable. Thc next step was to try experiments on the loaded 
cable without leakance. These experiments were considerably more 
promising, because hcre the attenuation was reduced to something 
considerably lower than the normal for the plain cable. 
VoL. 46. 25 
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TABLE I. 


Comparison of Plain with Loaded Cables without Leakance. 


Observed Speeds in Letters per Minute. | 


No. of Cable. ae Ж 
S К=1г°54зес.| S R=2"4 sec. | S R=3'2 sec. 
(1) Unloaded 0°000 I 340 280 220 . 
(2) Loaded O'OIg 150 600 340 | — 
(3) Loaded 0'032 250 800 440 | 370 


The table shows the observed speeds of three cables—viz., first, a 
plain cable; second, a cable furnished with inductance equal to that 
which would be given by cable (1) if wound with iron wire to a 
diameter of r'4 times the diameter of the copper, the permeability 
being 150; and, third, a cable similar to (2) but with ни = 250. 

If now the space occupied by the iron load be filled with copper, 


the speeds for the three cables will be as follows (neglecting disabilities 


of receiving instrument at the higher speeds) :— 


TABLE II. 


Speeds obtainable on all-Copper Cables, the diameter of the Copper being 
the same as that of the Iron Load in Cables (2) and (3) of Table I. 
SR = 1°54 sec. | SR = 24 sec. | SR = 3'2 sec. 


680 


440 


Speed in letters per minute ... 560 


Comparing cable (3) Table I. with the all-copper cable of Table II. 
we see that for the SR = 1:54 sec. the loaded cable (when p = 250) 5 
I8 per cent. superior in speed to the plain cable. For the SR = 24 sec. 
with р == 250, the all-copper cable is the better by 27 per cent. The 
situation is thus reversed. And lastly, for SR = 372 sec., the all-copper 
cable beats the loaded one by 19 per cent. The distributed load was 
therefore abandoned, because the all-copper cable is mechanically 
simpler than the loaded one, and, possibly, not more expensive. We 
did not try, except in a very elementary way, the idea suggested by 
Dr. S. P. Thompson, that is to say, the inductive leak. That would 
have been interesting, because this cable has a power of discrimination 
which the non-inductive leak cable has not. Such a cable would hand 
on, as it were, the rapidly varying part of the signal, but leak to earth 
the slowly varying, distorted part. But I fear that in practice the 
resistance of the leakance would have to be put up so much that the 
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inductive component would become suppressed. With an inductive 
leak of low resistance the cable would act in a curious way, giving 
a peculiar kind of distortion. If you will allow me, I will show this on 
the board. Dr. Thompson's cable, reduced to its simplest form, would, 
I think, appear as shown in Fig. A. In a cable with inductive leak, if 
the resistance of the leak be low, a signal of the form shown in Fig. B 


sent into the cable would be turned at the distant end into a signal of : 


the type shown by Fig. C, the cable acting as if it were made up of a 
series of condensers. And I fear that before the signal could be pro- 
perly shaped at the distant end—that is to say, be converted into that 
of Fig. B—the resistance of the leak would have to be high, and there. 
fore we should have an inductance leak with a very large resistance 
component, and an inductance component correspondingly suppressed. 
In this condition the cable would act almost as a cable furnished with 
non-inductive leakance. Such a cable, however, would have a better 
chance of success if used for telephony, in which frequencies are high, 
rather than for telegraphy, in which frequencies are low. 


ТЕГЕРЕ 4 


— iie 
Fics. A, B, C. 


In 1905, after the completion of the experiments on uniformly 
loaded cables, a new course was taken. It was found at Electra 
House that an inductance of considerable value could be inserted 
at any point in the cable with great advantage. The size of the load 
so used varies according to speed and type of cable, and earthing, from 
about 4 henries to 40 henries and more. This concentrated inductance 
method could be immediately utilised for trafic purposes on existing 
cables, for it could be applied to both ends of the cable, as well as at 
the landing-points of two sections of a cable. The advantage gained 
by the use of concentrated inductances in mid-cable varies from 7 
to то per cent. for each inductance introduced. It was found 
that the value of the inductance to be placed at the beginning of the 
cable was, approximately, L = 0:48 $^! (R/S)! for simplex, where p has 
the usual meaning (2277). Subsequently Mr. Judd suggested the use 
of a condenser S' in series with such an inductance. The value of the 
inductance then becomes— 

5, + ото ($Y ] 


I 
~ 2p 45 
for simplex, and this is the system now largely in use on the com- 
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panies’ cables. The constants 0°48 and 07707 are both empirical. R/S 
is the core ratio. We found that the effectiveness of the inductance 
depended largely on the character of the iron magnetic circuit ; closed 
magnetic circuits were useless. I would like to ask the author if this 
question of the type of magnetic circuit has been definitely settled 
with regard to coils used in telephony. "There is also another point in 
this connection that is of some importance in this present paper. On 
Page 318 a statement is made concerning the eddy currents in a 
uniformly distributed load. From thc construction of the cable one 
would hardly expect the eddy-current trouble to be so great. May 
I ask the author if the loss is experimentally proved to be due to eddy 
currents? Another interesting fact in the paper is the absence of 
distortion in the Anglo-French cable at a frequency of 750, due to the 
existence of a defective property of the dielectric—viz., the apparent 
leakance. The apparent leakance simulates the effect of real leakance 
for this frequency. But the column for е8 on page 355 shows that the 
cable is far from being distortionless for the higher frequency of 1,720. 
It would be interesting to know what variations in the four quantities 
concerned—viz., resistance, inductance, capacity, and leakance, are 
responsible for so great a distortion at 1,720, even greater, relatively, 
than that produced by a plain cable. 

Mr. W. W. Cook: The Postmaster-General referred to the author's 
imagination, and I think a little of that imagination has crept into the 
statement that very satisfactory conversation is now possible between 
London and Astrakhan. I was going to ask the author why he stopped 
at Astrakhan, but we learn on the Postmaster-General's authority that 
he has not done so; he has gone on to Calcutta. Unfortunately the 
Postmaster-General did not disclose the means of getting there, but 
probably it would be by means of loading the land wire. But thc 
author is quite definite with regard to the way to get to Astrakhan ; it 
is by means of 800-lb. unloaded land lines and the Anglo-French cable. 
Now I have no doubt that at some future time conversation will be 
possible between these two important places, but I do not think that a 
gain of 7 standard miles on the Anglo-French cable justifies us in 
straying so far afield as Astrakhan, whilst in practice there are so manv 
large cities so much nearer home with which we cannot communicate. 
I think in this statement the author has not attached sufficient im- 
portance to the point raised by Sir John Gavey at the last meeting 
about the material reduction of the effective conductivity of these long 
land lines. Sir John Gavey gave the reduction as about 20 per cent. ; 
Mr. Tremain to-night has given us figures of an actual case which show 
a reduction of nearly 50 per cent. А few years ago there was a circuit 
from London to St. Margaret's Bay—I do not know whether it has 
been altered since—of which, out of the total distance of 85 miles, 
794 miles were 800-lb. conductors, the remaining 54 miles being made 
up of smaller conductors. If in that land line 400-lb. copper had been 
substituted for 8oo-Ib. leaving the remainder as it was, that would 
have saved 284 tons of copper, and it would have involved a loss of 
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an equated length of 14 standard miles. But having already lost 
1$ standard miles in the smaller conductors, it seems to me it 
would be more economical to spend money in improving those 
rather than in increasing the weight of the copper to the extent 
mentioned. 

I think the influence of loading submarine cables must have a very 
important bearing on the communication between England and 
Ireland. At the present time the method of getting from the South 
of England to the South of Ireland is round by Scotland. That is quite 
accounted for by the comparative efficiencies of the land line and the 
submarine cable ; but if the latter is improved to the same extent as 
the Anglo-French cable, so much money will not be able to be spent 
on the long land lines, and therefore it will probably pay to take a 
more southerly route when additional lines are required. Perhaps 
the author will tell us whether that point has been gone into already. 
From the historical point of view the tests on the Irish cables described 
on page 313 are very interesting. It is only by going back to tests like 
this that one realises the immense strides that. were taken directly 
quantitative measurements were possible. For the benefit of the 
future historian, I would suggest to the author that he should insert 
a footnote making it quite clear that the results that are given on pages 
313 and 314 were arrived at in 1900, and not at a later date. For the same 
reason I think he might with advantage describe the type of instru- 
ments used in those tests. There is one point in those tests that 
rather puzzles me ; it is stated that speech was just possible between 
experts over a distance of 120 “Siemens.” I think it would probably 
get me out of my difficulty if the author would give the equated 
length of that circuit. I make it about 95 standard miles, and if that 
is correct, I think the talk between London and Astrakhan is a mere 
nothing. I also wish the author would give us the results of the tests 
that were made at a later date, because they would no doubt be ex- 
pressed in much more definite terms than was possible in 1900. I was 
going to ask the author for some particulars of the cable shown in 
Fig. 14, but those have already been given by Mr. Tremain. The 
author may possibly have given the cost a little too high, but when we 
consider that the attenuation constant given for that cable is twice 
that of the Anglo-French cable, and the cost of the two-core cable 
is twice as high as the four-core loaded cable, it will be seen that the 
cost will have to be reduced a great deal before that type of cable 
becomes practicable. There is just one other point I would like to 
ask the author, namely, why on page 340 he has included the last 
column but one, and why he has given it that description. It is 
described as an old formula, but it is given a new name ; and when 
people suddenly change their name without giving notice, one is apt 
to think that there must have been something shady in their past 
history. Ithink that is probably true in this case. Thatold formula, 
as you will see, is the product of two colums in the table ; they are 
disguised by C' and y, but the formula is really KR, 
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Mr. ALBERT CAMPBELL: Major O'Meara's present contribution to 
the somewhat scanty literature of submarine telephone cables is both 
important and most interesting. As the subject is one in which 
practical data are still scarce, I take the opportunity to give here some 
of the results of tests on a variety of experimental samples of telephone 
cables, which we have carried out at the National Physical Laboratory. 
The lengths tested varied from то metres up to 400 metres ; in most 


TABLE А. 


(Lbs. per naut = 4'1 kg. per km.) 


Cable. Diameter. Kg. per Km. 
Milimetres. 
U Solid copper соге ... TT 2°67 
Lapped with 10 copper ter | 277 
each 1°12 mm. diameter 
Gutta percha to “з IO'9 I52 
V Solid copper соге ... 35 == 
Lapped with 4 iron strips 
(side by side) 277 mm. wide 3 — — 
by o'5 mm. thick . 
Gutta percha to 10°8 — 
W Copper Core ... 3°52 172 
Braiding of thin iron and cop- А 
per wires E 0'02 mm. d 5°47 | > Ит 
diameter to.. 5 PP 
Gutta percha .. IO'9 147 
х Copper core ... 2°03 — 


Lapped 1 layer of i iron wire of 
o'12 mm. diameter j| 

Paper insulation ... — — 

Lead covering two cores to.. 12°5 — 


Y Same as X, but with two) ~~ - 
lappings of iron wire 
Z Copper core ... 7 2'03 — 


Distance between cores ,5mm. — | — 
Lapping, two layers of iron) 
strip o'I2 mm. thick, (skew 

width, 224 mm.) ... ) — 
Paper insulation ... TT — — 
Lead covering to... avs 13 | — 


| 
| 


————— 


cases accurate results could be obtained with lengths of 20 (or even 10) 
meters, and the agreeement between the measurements on long and 
short lengths was quite satisfactory. The four important constants, 
namely, the effective resistance R, effective self-inductance L, capacity 
K, and effective leakage conductance (leakance) G, were measured for 
various frequencies, and were taken per kilometre of length of loop 
(total length of conductors = 2 km.) The measurements of R and L 
were made simultaneously by the help of a direct-reading mutual in- 
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ductometer of long range from о'от microhenry up to 4,000 microhenries, м 


the effective resistance being balanced by a constant inductance rheo- 
stat*; for short lengths it is not desirable to trust to the readings of 
the rheostat, so the value of each setting is checked by switching it 
on to an ordinary Wheatstone's bridge. The K and G were measured 
against an air condenser, or a mica one with very small leakage, by 
Wien's method, in which the leakage of the cable is balanced by a 
quite moderate resistance in series with the standard condenser.| 
'The source of current was a wire interrupter for the lower, and a 
microphone hummer for the higher frequencies. Especially when 
short lengths are being dealt with, it is necessary to guard against 
electrostatic effects to earth ; this source of error is almost entirely 
eliminated by having an earthed screening coil between the primary 
and secondary windings of a transformer connecting the bridge and 
the source. The particulars of the cables were as follows. In U, V, 
and W the two lengths were twisted together, covered with hemp, and 
taped ; the covering was wet during the tests. Cable X, Y, and Z 
would possibly not be classed as submarine ; they are lead-covered. 

In Table B are shown the results of some of the measurements. 
The attenuation and wave-length constants for 1 km. being given by the 
equations— ; 


2 8° = 2 (atten. const.) = J(R* + 1° w) (С° + Ко) + RG —w? LK 
and— 
2 a° = 2 (wave-length const.y = „/(Е* + СС + Ко?) —RG + «^L K, 


where e —2 тп. | 

I may here remark that there is at present some confusion amongst 
writers as to the nomenclature of these two constants, I have used a 
and В in the same sense as in Major O'Meara's paper, and possibly this 
is the most generally accepted usage ; but the opposite usage, making 
a and В the attenuation and wave-length constants respectively, seems 
to me more reasonable. 

The values of the attenuation constants in Table B on the whole 
corroborate those given by the author for continuously loaded cables. 
The measurement of the leakance G is much the most difficult part of 
the experiments ; fortunately it does not influence the value of the 
attenuation constant to any great extent. Its increase with frequency 
is shown clearly over a long range for cable W. 

In connection with cable Z we investigated the effect of the con- 
dition of the iron. Samples of the thin strip were wound into small 
rings which were tested magnetically by the ballistic method, going 
down to very small values of H so as to obtain values of the per- 
meability н corresponding to those occurring in actual telephone 
cables. The values (д„) of the permeability for H =o may be taken 
as the working values for currents of the order of those used in 


* Philosophical Magazine, vol. 15, p. 155, 1908. 
T Electrician, vol. 64, p. 350, 1909. 
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telephonic practice, since with the actual mean diameter of the iron 
lapping (0'2 cm.) we have— 
H —2 x current. 


In Fig. D the curves refer to iron strip in the following con- 
ditions :— 


(е) Annéaled' in Hydrogen. 
(f) 


" " " WO 
оп Core & unwound off. 


p 
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FL 
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5 
Permeability of гон Strips. 
Fic. D. 


(e) Anncaled in hydrogen. 

(7) Annealed in hydrogen, wound on core and unwound off. 
(g) Partially annealed and treated as (f). 

(^) Unannealed. | 


We also tested the self-inductance of a 1-metre length of the 
cable core— 


(a) In condition as received. 
(b) After annealing the whole piece in hydrogen at 850? C. 


From the values of the inductance thus obtained (with small H) the 
initial permeability (д„) was calculated in each case. The results were: 
in agreement with those given by the ballistic method, the value of po 
being for (a) 125 and for (b) 235. In Fig. D these points are shown 
by small circles. 

Thus it is seen that the thorough annealing raised the working 
permeability from 125 to 235. By recalculating on the basis of this 
improved permeability, the attenuation constant for n = 1,000 is re- 
duced from o'0149 to o'or14. It was found that if the strip was only 
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annealed before being wound on, the benefit of the annealing was 
almost annulled by the mechanical treatment (bending, etc.) during 
winding, but this is by no means an insuperable difficulty in manu- 
facture. In this connection I have sometimes recommended the trial 
of silicon iron or other alloys, which have large initial permeability 
and high resistivity, since every reduction of energy loss seems likely 
to improve the conditions. In conclusion, I would express my best 
thanks to Sir John Gavey and Mr. R. K. Gray for their kind per- 
mission to publish the above results. 

Мг. W. M. Мовреү: I am very glad that we have a telephone 
paper of this character before us, and that the question of loading— 
not a very happy term—has come up for discussion. I do not presume 
to express any opinion on the question of the best method of loading of 
cables. It seems to me that we are only on the threshold of the subject, 


4,000 


2,000 


oB 10,000 20,000 


Fic. E. 


which is very important and far-reaching, not only for telephone 
cables, but also for telegraph cables. I cannot help thinking that it is 
much too early to attempt to dogmatise and to say that distributed 
loading is never going to be asuccess. One naturally agrees in principle 
with Dr. Thompson’s remark at the last meeting, that a distributed fault 
calls for a distributed remedy. It probably will depend very much on 
the character of the loading material. Mr. Campbell’s tests are interest- 
ing ; they are tests with ordinary iron. I do not gather that he has 
specially investigated the region where, I presume, we would have to 
work—the region approaching the horizontal, at the very beginning of 
the permeability curves of iron. I would like to show you some results 
of tests to illustrate the conditions of the important material, the iron. 
This region has been explored by Ewing and Lord Rayleigh, but it has 
not been studied or considered very much. At the last meeting but one 
we had a paper by Sir Robert Hadfield and Professor B. Hopkinson 
which increased our knowledge of the magnetism of iron in very intense 
fields, and I then ventured to suggest they should turn their attention 
to this lower region and endeavour to find a material with a high 
permeability near the origin. 
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Fig. E shows an ordinary permeability curve of stalloy, which is 
mainly a silicon iron. I think it is better to use џ-В curves, as they are 
more illustrative than B-H curves. You see the permeability goes up to 
about 3,600, which occurs at about B= 5,000. For the present purpose, 
l imagine, we require to go down to an induction of a very few lines. 
Fig. Е. shows the results for the same material at very low values. Take 
the very bottom of the lower curve ; there you have B going up to 2. 
You see that the induction is proportional to the magnetic force : if you 
look higher up you will see, on a much larger scale, a little more of 
what happens. The permeability is constant at about 320. There is a 
very interesting thing there. The dotted line shows the retentiveness. 


600 


Retentiveness 
e è 


R 
© 


You will see that up to an Н of about o'or there is no retentiveness at 
all. If that is right—and there are good and well-known reasons for 
believing it is—it means there is no hysteresis there. It is somewhere 
in that region that I suggest successful continuous loading, if it is ever 
attained, may be reached. The amount of energy available for these 
cable applications is so minute that the question of loss of energy must 
be of the first importance—therefore there should not only be a high 
Permeability, but that there should be a very low hysteresis, or no 
hysteresis, and a very high specific resistance in the loading interval. 
This material is a very encouraging one from this point of view, as its 
specific resistance is high, something like 40 to 60 microhms per cubic 
centimetre, very much higher than iron, and íts ordinary hysteresis is 
very low. Decreasing the losses in the iron is equivalent to increasing 
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the section of the copper. That is to say, decreasing the loss in the load- 
ing material is the same as lowering the resistance of the copper itself. 
I need hardly say I cannot tell telephone people anything about loading 
cables, but I hope these curves may interest them, as a study of the 
properties of the material at very low values under the very small mag- 
netic forces that may have to be employed in this kind of work. 
Something was said by one of the speakers last time about the decrease 
of permeability caused by winding the wire on. Judging from tests 
before and after applying a tension of 15 tons per square inch, I do not 
think the winding will decrease the permeability appreciably, but it 
will increase the hysteresis, and to this must be added the effect of 
bending, which we know may also increase the hysteresis. Although 
it has no special bearing on this subject, I might mention that I pointed 
out in a paper in 1895* that compression caused a large increase in the 
loss of energy, which disappeared entirely when the pressure was 
removed—unlike the effect of tension, which, unless kept within the 
clastic limit, can only be removed by annealing, which, of course, 
would be impracticable. 

Mr. W. P. GRANVILLE : The Post Office engineers have unique oppor- 
tunities for experimental research in telephony, and I think we ought to 
congratulate ourselves that Major O'Meara, in his most interesting paper, 
has kindly given us some of the results obtained. With regard to the 
recently laid Anglo-French cable, I should like to point out that nearly 
two-thirds of the benefit gained by the use of the inserted inductance 
coils might, at the same money cost, have been readily obtained by 
simply changing the weights of copper and gutta percha from 160 165. 
and зоо Ibs. per mile to some such proportion as 400 lbs. and 270 Ibs. 
respectively — and that without the use of added induction coils. 
Probably the reply to this statement will be that such a ratio of copper 
and gutta percha would produce the “ drumminess " referred to in the 
paper, but this effect does not appear to be a very serious one, for 
reference is also made in the paper to a speech test made on one of the 
Irish cables (60 miles in length), and it is there stated that the articula- 
tion was “very well defined," although in that case the ratio of capacity 
to resistance was nearly double the minimum value at which “ drummi- 
ness begins to be unmistakable.” But even if we take it for granted 
that inductance loading must of necessity be used, not only for the pur- 
pose of obtaining the maximum improvement in the attenuation but 
also for getting rid of the “drumminess,” still, surely, it would be of 
great advantage to have this altered proportion of copper to gutta 
percha, because it would enable the maximum gain to be obtained with 
only 20 millihenries of added inductance, instead of the 50 millihenries 
rendered necessary by the use of the smaller conductor employed in 
the Channel cable. This is important, because the smaller amount 
of inductance necessary would mean fewer inserted coils, and these 
spaced at wider intervals ; thus the mechanical difficulties would be 
considerably reduced, and, in addition, there would be an improvement 

* Proceedings of the Royal Society, vol. 57, p. 224, 1895. 
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in the “ attenuation" of 25 per cent. over that given by the “loaded” 
160—300 core actually used. But if this additional 25 per cent. improve- 
ment is unnecessary, then the same attenuation value as that which rules 
in the Channel cable could, in the case of the 470-lb. conductor, be 
obtained by the addition of only 7 millihenries of inserted inductance 
per mile. | 

Reference has been made in the paper to the “air-space” cable 
devised in 1897 by Mr. Willoughby Smith and myself and laid across 
the Irish Channel from Wales to Ireland. The author referred to the 
fact that in that cable the articulation was particularly good, but that 
there was a serious defect due to “ cross-talk." I should like to point 
out that we were then dealing with equal weights of copper and gutta 
percha, and that if we had used the liberal proportion of gutta percha 
that is used in the present form of Post Office cable, namely, nearly 
twice as much gutta percha as copper, in that case the articulation 
would have been still further improved, and in all probability the defect 
of “ cross-talk " largely eliminated. Looking at the whole subject from 
the practical point of view of one closely in touch with the actual manu- 
facture of submarine cables, I am inclined to think that for the future 
we must look to larger conductors, slightly loaded, and probably to 
some form of air-space ; and when we think of lightly loaded con- 
ductors we naturally turn to the continuous form of loading introduced 
by the late Dr. Krarup, and now in use on the Continent. 

Mr. B. S. COHEN: There are several points in this very interesting 
paper to which I should like to refer. With regard to the drumminess 
ratio К/К = 0'003 (where, by the way, К is in microfarads and R in ohms) 
all the work of the National Telephone Company has confirmed that 
figure. It is worthy of note that a 70-lb. conductor dry-core land cable 
attains that drumminess ratio; and this is an additional argument, if 
any were necessary, in favour of using light conductors loaded pretty 
heavily instead of heavy and unloaded conductors. The author states 
that in the Anglo-French loaded cable the coils were placed at one 
knot distance, and the two end coils were placed half a knot from the 
ends. Now that is the general practice in loading land lines where 
they are terminated by short lengths of unloaded cable. In the case of 
the Anglo-French cable where, I take it, it is normally used with a long 
length of unloaded open wire line at each end of it, I venture to think 
that even a greater improvement might have been obtained than was 
secured had the two end coils, instead of being placed half a knot 
away from the ends of the cable, been put in the huts on either side of 
the channel. Keeping the same spacing as at present, one extra coil 
would have been used, and two coils would have been taken out of the 
sea ; and by rough calculation I think a 10 per cent. improvement over 
what has been obtained would have resulted. There may be some 
reason in this case against the adoption of this practice, and perhaps 
the author will say whether he considered that point or not. Then 
with regard to the question of the importance of leakance in connection 
with loaded lines, that has been mentioned in the paper, but nothing 
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Mr. Cohen. definite has been given in regard to the matter. Some timeago we had 
occasion to consider a case of 200 miles of 200 lbs. open copper line. 
This particular line was very heavily loaded to 0:052 henries per mile: 
and some curves were calculated in order to see the effect of leakance on 
this line when loaded and unloaded. I should like to show the follow- 
ing slide (Fig. G) in connection with this matter. It will be seen there 
are two curves, one for the loaded line and one for the same line un- 
loaded. and we have as abscissze the insulation resistances in megohm: 
per mile, and as ordinates, equated lengths in standard miles ; it will 
be seen that at an insulation resistance of about o2 megohm, the loading 
was of no advantage, whilst at about 2 megohms the loading is very 
nearly as efficient as if the line insulation were infinite. With a more 
suitable, lighter loading, there should.be no insuperable difficulty in 
maintaining this line as an efficient insulation. 
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A statement is made on page 348 that it has so far not proved possibk 
to design a loading coil with an effective resistance below 6 ohms pet 
тоо millihenries. I would point out that in America an aerial line 
loading coil, with an effective resistance of about half this value, bas 
actually been employed by the Western Electric Company for some 
years. On page 349 a doubt is expressed as to whether the attenuation 
constant of a standard cable is really 0°103. Now, that is the actual 
value at 750-0. If we take the frequency of 5,000/2 ж, which is in a 
fair way to being adopted internationally, the attenuation constant i5 
o'107, but the alteration is merely due to the change of frequency. 
With regard to the proposals for new units, I think it will be found, as 
Mr. Gill and other speakers have mentioned, that there are some 
serious objections to departing from the standard mile, and I cannot 
quite see the necessity for the other expressions. "With regard to using 
B for the attenuation constant, it is true that this was originated ; 

' by Dr. Pupin; we have, however, been using, for what we think 2 
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very good reason, a for the attenuation constant and [В for the wave- 
length constant, because the real constant of telephonic transmission is 
the propagation constant, which is a complex quantity made up of two 
components—the attenuation constant, a real component, and the 
wave-length constant, an imaginary component, and it is better to 
write a + ; 8 than 8 +ja. From that point of view, if ever we are 
going to have a unit of the centibeta type—which I hope we shall not— 
it might perhaps be advisable to call it the centi-alpha. We express 
transmission results as equated results, and this method has been found 
universal in application. Mr. Whalley raised a point about the 
accuracy of speech testing. I do not hold by any means a brief for 
speech testing, and most certainly believe that in future we shall be 
able to do away with speech testing and substitute some method of 
testing which will eliminate the personal equation. But I cannot 
quite follow Mr. Whalley's argument. He says that as the gentlemen 
who went down to St. Margaret's Bay and made tests obtained very 
discrepant results, speech testing is therefore not satisfactory. That 
argument is almost the same as saying that the common battery 
telephone switchboard is of no value whatever, because even the most 
eminent electrical engineer who was introduced to its intricacies for 
the first time could not operate it. Speech testing requires a great 
deal of practice, and inexperienced persons get very discrepant results. 
Dr. Thompson has referred to his method of loading by parallel instead 
of series coils. Calculations have been made to demonstrate the 
impracticability of Dr. Thompson's method. I should like to show a 
slide that I have prepared in connection with this matter, dealing with 
some experiments that have just been carried out with parallel loading. 
In this particular case a 20-lb. conductor cable line, 204 miles long, 
was loaded at 5-mile intervals with o'2-henry loading coils on the 
Thompson method, and the attenuation at various frequencies was 
measured. 

This spacing gives an inductance of 1 henry per mile, and was 


based on the Pupin spacing formula, which, as Professor Fleming 


has pointed out, applies equally to the series and to the parallel-loading 
methods. The upper curve (A) is for the 204 mile length of 20-lb. 
cable unloaded. Curve (B) shows the variation of attenuation for the 
same cable loaded on the Thompson method in the manner described 
above. It will be seen that the variation is even greater on the loaded 
line than on the unloaded line. The vertical dotted lines indicate 
frequency limits of боо MU to 1,100 Оо which are well within the 
normal speech range. The three ringed points against curve (B) were 
obtained by calculation using a formula devised by Mr. Shepherd. It 
will be seen that these points agree fairly well with the experimental 
results. 

Before such a method as parallel loading is adopted, or even 
much money is spent on experimentally loading a line in this way, 
it will be necessary for Dr. Thompson to show that there is some 
method of putting these coils in parallel which will not give results 
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of this sort. Below the curve (B) there is a third curve (C) for the same 
cable line loaded in series with an inductance of o'5 henry per mile, 
and the variation in the attenuation constant between the two ranges 
of боо and 1,100 is practically negligible. The dotted curve (D) put in 
is the curve obtained on the Anglo-French cable by measurement. 
I would like to ask what is wrong with that measurement. That 
cable is certainly not as bad as the measurement shows. I think the 
real reason is that there was a lot of unloaded cable in circuit, and 
therefore it does not show the variation of attenuation with frequency 
for the loaded cable. 


Attenuation 


О 500 1,000 1500 
Frequency 


Fic. H.—Loaded Lines: Attenuation and Frequency. 


Dr. Thompson has referred to the difficulty of making calculations 
with one single frequency fit in with actual speech results. Perhaps 
a definite statement on this point may be advantageous. A large 
nuinber of elaborate tests have been carried out in many different 
countries to find whether there is any one single frequency which will 
give results when used both for calculating and for direct experiment 
which will be in agreement with those results obtained by actual 
speech measurements. The methods adopted in carrying out these 
experiments have varied considerably, and yet it is noteworthy that 
the results obtained are invariably in close agreement. One direct 
method has been to compare the attenuation values obtained by using 
various mono-frequencies with the actual speech values. Over here 
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we have in addition used a method of filtering the speech waves, and 
have also obtained the Fourier series for the average of a number of 
different telephonic speech waves, and several other distinct methods 
have been tried elsewhere, and the net result of all these experiments 
is to show conclusively that a single frequency of the order of 800 гч) 
is the correct figure. This is as far as the volume factor of audition is 
concernéd. With regard to the other factor embodied in audition, 
namely, articulation, the ratio of change of attenuation to change in 
frequency is known for various conditions of articulate telephonic 
transmission, and it is a comparatively simple matter to calculate 
or experimentally determine what this ratio is for any arrangement 
or device under investigation. 

Mr. J. С. Hitt: As a member of the Post Office staff engaged 
on transmission work I wish to offer a few remarks. Dr. Fleming has 
told us that at a frequency of 750 the new cable obeys Pupin's sine law, 
but Dr. S. P. Thompson has pointed out that we have to consider many 
different frequencies in voice transmission. These remarks emphasise 
the fact that we have to consider not only volume of speech, but also 
its clearness. I think it is worth placing on record that this matter 
receives careful attention. Experiments have been made as follows 
to determine the point: Speech trials were made over a loaded cable, 
and it was found that when the coils were placed relatively near to 
each other and at equal distances, speech was quite clear. The coils 
were then spaced wider and wider apart and trials made at each step. 
It was then found that as the spacing was made greater speech became 
less distinct ; at a given distance it was considered to be sufficiently 
clear, but when the spacing was then made greater it ceased to be clear 
enough. Knowing the distance apart at which the coils were spaced 
to give the required degree of clearness, the clectrical constants of the 
circuit, and the amount of added inductance per mile, the wave-length 
ata given frequency was calculated and the number of coils per wave- 
length determined. This information enables us to design loaded cables 
with a predetermined clearness of speech. Mr. Whalley informs us that 
he considers the varying results obtained by Messrs. Judd, Kingsbury, 
Duddell, and Cooper, owing to the want of agreement, afford the best 
illustration we can have of the unreliability of speech tests for deter- 
mining cable constants; but they do not appear to have been made 
for such a purpose, and no constant is given as being derived from 
them ; they were expressions of opinion on the part of the gentlemen 
concerned. The taking of speech tests to determine @ is in itself 
an art and requires considerable practice, but with skilled observers 
it is capable of giving fairly accurate results. I will ask you to look 
at Fig. I, which shows the result of a speech test. The ordinate shows 
the length of cable tested and the abscissa [8 / of the standard cable 
with which it was compared. Circles on the lower graph indicate 
points at which equal volumes of speech on the two circuits were 
obtained. It will be seen that six tests were taken, and that they all lie 
along a straight line. This makes the recorded results highly probable, 
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as it is known that the law is a straight line one, and this gives us a 
check on the results. In the case of the Anglo-French cable, voice 
tests and calculation agree very nearly; I refer to the tests conducted 
by the Department's officers. It is suggested that a complex wave 
obtained by a combination of alternators should replace the voice ; but 
in view of the fact that the quality must also be determined, the voice 
cannot be dispensed with at present. Any successful method to com- 
pete with the voice must imitate it and should be more constant, but 
simple in its operation. Such a method is desirable, but not available. 
It was suggested by Mr. Whalley that it would be interesting if curves 
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showing the effect of frequency on unloaded cables could be given. 
A slide has been prepared showing calculated values for the standard 
cable and the measured result on an artificial cable made to imitate 
it, and at the same time permit of portability. It will be seen that the 
agreement is close, although some doubt was thrown on the accuracy 
of such a cable by Mr. Whalley. Mr. Sinclair, in referring to the 
question of duct space, seems to have great hopes that there will be 
plenty of room in the pipes, but I should like to call attention to the 
fact that the Post Office method is really to proportion the pipe to the 
cable. The pipes vary in diameter by half inches, and if we had half 
an inch to spare a wider spacing of air between the wires would be 
given so as to get the benefit of it and fill up the pipe. 
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Mr. J. E. KINGSBURY: I want to say a word in regard to the tests. М 


I do not think it is becoming to make any remarks as to the efficiency 
of the people who made the tests, but I think we may agree that the 
tests were carefully made. I think we would also agree that the 
inferences drawn from those tests are not unreasonable. The human 
element cannot be eliminated from tests of speech. We may have 
some instrument which will help us in making tests, but we shall have 
to calibrate that instrument by means of human speech after all. It is 
for that reason that I want to draw attention to one point, and that 
is the figures used and the distances mentioned over which speech 
may be possible. I take it that the author intended those to be illus- 
trative rather than to be regarded as of the nature of engineering 
specifications, for this reason, that until the time comes when we have 
a universal language (and I think these Channel cables will materially 
help to bring that time about) the cables will be largely used by people 
who have an imperfect knowledge of one another’s language. We 
shall, therefore, need for such communication lines with a far wider 
margin than need be allowed where people are talking a language 
of which both have a perfect mastery. Without committing myself 
to distances or places, I can see that it might be feasible for two 
English correspondents to talk between London and Calcutta, and 
that it might not be feasible for natives of London and Astrakhan 
respectively to talk between those places. It follows, therefore, that 
we have nothing we can give away in dealing with these international 
problems. We want the best, and it is no use talking for one moment 
about the second best. I believe that in most cases it turns out, in the 
measure of £ s.d., that the best is the cheapest ; but even if the best 
be the dearest, it must in such a case as this be taken advantage 
of. I mention that in order that there may be no question of being 
frightened by old experiences. The Indians have a proverb that a man 
who has been bitten by a serpent is frightened at a rope. A previous 
Speaker has referred to the devils of the test-boxes. We should all 
bear in mind that we have acquired since the time referred to, quite 
a considerable experience in casting out devils. I do not want for 
one moment to go into detail on the merits of the two methods 
of adding inductance which have been referred to in the course of this 
discussion. Engineers will carefully weigh the respective merits and 
not be frightened at shadows. 


Mr. ROLLO APPLEYARD (communicated): As my remarks will apply M 


particularly to the tests described in the paper, they must necessarily 
be somewhat analytical, and I therefore desire to premise that they are 
not intended in any way to detract from the significance of the work 
that the Post Office and the contractors have accomplished, but that 
my object is to assist, if possible, in clearing up some of the difficulties 
that centre upon the attenuation constant. As regards the cable itself, 
I am convinced that the Post Office could not have embarked upon a 
policy more deserving of the gratitude of engineers, or better cal- 
culated to meet the needs of the public. And I am equally convinced 
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that—taking into account the fact that core of the type 160/300 was 
decided upon by the Post Office, and prescribed in their specification— 
the design and arrangement of the loading coils, from the electrical 
standpoint, by the contractors, could not be more closely in accord 
with what is now accepted as being the best theory and the best 
practice. Further, it is obvious that everything possible has been 
done by the contractors to design and to construct a cable that shall 
endure, to the lasting honour of the administrators and technical staff 
of the Post Office and of British cable makers generally. Those of us 
who were interested at the time that the construction of such a cable 
was mooted, in the autumn of 1908, feel that we owe a debt of grati- 
tude to the author for the way in which he organised the initial 
investigations, and personally I am glad of this opportunity of record- 
ing my thanks to Mr. A. W. Martin for the zeal and courtesy with 
which he showed us his pioneer tests upon loaded circuits in London 
and Liverpool, and for the skilful assistance he gave to us in interpret- 
ing his results. 

In considering the tests recorded in this paper, it is desirable to 
remember that, as engineers, the criterion always applied to our work 
is : Does it comply with the terms of the specification? In the present 
case the determining factor is thc attenuation constant ; and in con- 
formity with the practice of the National Physical Laboratory and 
English custom, I propose to denote this by a, and not by 8. The 
specification was to the effect that the volume of speech transmitted 
over a pair of wires in the completed and laid cable was to be “at 
least equal to that through one-seventh of the same length of standard 
cable not including terminal losses." The author tells us in his paper 
that the department stipulated in the specification that the attenuation 
constant should not exceed a certain value, and it is thus clear that the 
specified value of a was one-seventh of the attenuation constant of the 
standard cable. Hence— 


а speci&ed = 0°1187/7 == 001696 per N.M. 


Now, do the tests described in the paper prove that a for the cable, as 
constructed, was higher or lower than o'o1696? They appear to me 
to show that it is higher, and that consequently the terms of the 
specification are not fulfilled. There is such striking agreement 
between the “observed” and the “calculated” values recorded in 
Appendix 1Xa, as compared with the corresponding values given 
in Table A for continuous loading, that it is necessary to ask how the 
Appendix IXa. values of a were obtained. Let us deal first with 
the author's “calculated” value, o'0166. Taking the data given in 
Appendix ІХА, and putting them into the well-known formula re- 
produced at the beginning of Appendix X., a is seen to be, not 
0'0166, but auae 75070214. If the author had used the empirical 
formula at the top of page 324, and had assumed S/K — 8o, he would 
have obtained a =0'0166, but to justify the use of this value of SJK it 
is necessary to assure ourselves that in his case the ratio of leakance to 
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capacity is, in fact, 80. Appendix IXA. supplies an answer, for it is 
there seen that S/K —24/0'138 = 174, and, if this is true, the empirical 
formula must be abandoned. To test this, let us assume that 
S/w К = o'o18, as found by Dr. Breisig for gutta percha, and as given 
on page 324. Then— 


S/K = 2 т X 750 X o'018 == 84:8, 
corresponding to a leakance— 
S = 84:8 x о°138 x 1075— 1177 micro-mhos. 


In any case therefore the “calculated” value of a recorded by the 
author in Appendix IXa. is incorrect, and his value of the leakance is 
seriously in need of confirmation. 

To assist matters, on the basis of the constants given by the author 
in Appendix IXa, I have calculated a as a function of the leakance for 
the new Channel cable, and the results are shown plotted in the accom- 
panying curve, Fig. J. It is thus demonstrated that: (1) For a 
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leakance of 24 micro-mhos, a at 750 p.p.s. is 0'022; (2) to the value 
a = 0'0166 given in the paper, corresponds a leakance of 11°02 micro- 
mhos ; (3) unless the leakance is less than 11°77 micro-mhos, а at 
750 р.р.ѕ. cannot be less than the specified value. 

Returning to Appendix IXa. it is important next to ascertain, if 
possible, how the author arrived at his “observed” value a = 0'0166. 
The paper describes two kinds of tests from which a can for this 
purpose be deduced : (a) Speech tests; (6) current-measurement tests. 
It is convenient first to examine the speech test, remembering that— 


a at 750 p.p.s. for standard cable ... ... == O'II87 per N.M. 
a at 750 p.p.s. specified for loaded cable ... = 0701696  ,, 
a at 750 p.p.s. for unloaded cable, given in 

Appendix IXa. ... = 0'0766 ө 
Length of unloaded cable —417 N.M. 
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On this basis the length of standard cable equivalent in speech value to 
the 4177 N.M. of unloaded cable is— 


00766 


У 2029* 
0°1187 


X ° 2227 = . ` M . 
417 X 1760 31702 statute miles. 


Case 1.—Deducting 14 statute miles from this 31:02, gives 17:02 
statute miles, or 14°76 N.M., as the length of standard cable equivalent 
to the 41:7 N.M. of loaded cable, and thus— 


I N.M. of loaded cable — HT oss N.M. of standard, 
or— i 
а, = 4? X 0'1187 = 0'0420 per N.M. 


Case 2.—Deducting 24 statute miles from the 31°02, gives 7°02 


‘ statute miles, or 6:09 N.M., as the length of standard cable equivalent 


to the 41°7 N.M. of loaded cable ; and thus— 


1 N.M. of loaded cable = oe = 0'146 N.M. of standard, 


or— | ` 
а. = 259 X 0'1187 = 00173 рег N.M. 


The discrepancy between the values of а deduced from the speech 
tests of the respective observers is thus so great that their observations 
must be regarded as worthless. To make matters worse, the figure 
00766 given in Appendix IXa. and again in Table B, as the attenuation 
constant of the unloaded cable, is incorrect. 

Taking the data given in that Appendix, the value of the attenua- 
tion constant works out as 00521. If a more favourable value of the 
leakance, say, 12 X 1075, be assumed, then the attenuation constant 
works out at slightly less, namely o'0512. This value 00512 gives 20°74 
as the equivalent in statute miles of standard cable, of the unloaded 
cable. Deducting 14 miles in the one case leaves 6°74 statute miles, or 
5°85 N.M., as the equivalent of the loaded cable; and deducting 24 
miles in the second case gives — 3°26 statute miles, or — 2:83 N.M., 
which is absurd. This value, 24 miles, is therefore out of the question, 
and the speech test as recorded by the author entirely fails as a guide 
to the quality of the cable. It may be pointed out that in Ap- 
pendix IXa. the tables showing the conversion from N.M. to km. for 
the unloaded cable are in need of revision. As the speech tests are 
hopeless, attention may be turned to the current measurement tests 
given on page 323 ; and for consistency I shall continue to use a instead 
of В to represent the attenuation constant. The formula: Cs = С, e-ad 
on page 32315 incomplete, as it does not take account of the reflections 
at the ends and junctions. A more exact formula, assuming that the 
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receiving end of the artificial cable is short-circuited, as shown in the 
diagram on page 355, is— 
Ci Zo "T : 
CS = cosh ad + [2° tanh aa ] sinh ad ; . (D. 
B о 
Неге— 
а = a + j В for loaded cable. 
a’ =a’ {+ j В for artificial cable. 
== length of loaded cable. 
М d' = length of artificial cable at the receiving end. 
Z, == sending-end impedance of loaded cable. 
Z, == sending-end impedance of artificial cable. 


In this equation, if a'd'is great, tanh a'd' == 1. This presupposes a 
sufficient length of artificial cable added at the receiving end. In 
Fig. 5 artificial cable is shown added at the sending end, but this is 
superfluous, and it could more profitably have been added at the 
receiving end. Again, if in addition Z, = Z,, that is to say, if the two 
cables are of similar type, so that there are no reflections at the point 
of junction, then the quantity within the square brackets is unity, and— 


СА = cosh ad + sinh a d = ead = со В d. 
m s 
The hot-wire instrument ignores the phase difference, and the formula 
in that case becomes— 
C, effective _ 
Сенате е ж шык ёр Ч (2) 


as used by the author. But in general this is only an approximation, 
and we must use equation (1) if an aocurate value of a is to be deter- 
mined. Taking the better case, where a length of 15 miles of artificial 
cable is added at the receiving end, I have calculated that— 


7, 12, tanh a’ d' = 0°7533(44° 32’, 


which differs considerably from unity. Substituting this valuc in 
equation (1), an equation is found for ad; but as the phase difference 
between C, and С# was not observed by the author, we are unable to 
solve the equation for a. It is necessary therefore to arrive at a by a 
method of trial and error. That is to say, a probable value of a is put 
into equation (1), and the resulting value of С,/С® is then compared 
with the value given by experiment. This is shown in Fig. К. The 
curve connecting C4/Cg with a cuts the horizontal through 1:927—the 
author's observed value of C /Cg—at a= 0:02047, and this is con- 
sequently the best value of a that can be derived from his test 
described on page 323. 

Now compare this with the value of a derived from equation (2). 
Equation (2) gives, according to my calculation, a 20701573. But, 
according to the author's calculation, a = o'o152. (The difference 
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between 0'01573 and 0'0152 is, I think, to be accounted for by an error 
in the author's calculation.) There isa considerable difference between 
the more correct value 00205 from the equation (т) and the approxi- 
mate value 0°0157 from equation (2). It is again to be observed that 
the 0'0205 is considerably greater than the specified value, 0:01696. 
It is extremely disappointing that no test has been made in the 
adopted scientific manner as used for example by di Pirro * in his tests 
upon telephone cables in Italy. That method is well known, and 
consists in measuring in the alternate-current bridge, the sending-end 
impedance, first with the distant end closed, and secondly with the 
distant end open. From the results, R, L, K, and S can be obtained. 
The general conclusion that must be drawn from these considerations 
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is that there is no evidence whatever in the paper to show that the 
cable satisfies the specification as regards the attenuation constant. 
But it is clear that the contractors were left no margin. On page 316 
it is stated that “it is not possible to predict with sufficient accuracy, 
by mathematical calculation, the results likely to be obtained by the 
‘continuous’ loading, owing to the difficulty in attaching correct 
values to the electrical constants involved.” It might with equal 
truth have been stated that, “owing to the difficulty in attaching 
correct values to the electrical constants involved," it is not pos- 
sible to predict with sufficient accuracy, by mathematical calculation, 
the results likely to be obtained in respect to the capacity of a 
cable ; for, owing to the irregular shape of the strand, it is extremely 
difficult to say what is the effective diameter of a strand. But it is 
common knowledge that this difficulty is entirely removed by making 
a test upon an experimental length of the given strand covered with the 


* Sournal Télégraphique, vol. 31, p. 25, 1907. 
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given dielectric. Similarly, it is possible to calculate the electrical M 


constants of a continuously loaded core, if the values upon which they 
depend are found experimentally with sufficient accuracy. On page 318 
the great discrepancy between the observed and the calculated values 
in Table A may be ascribed to incorrect values having been taken for 
these constants of the calculation. When these constants are properly 
chosen, sufficient accuracy for all practical purposes can be obtained. 
Change of permeability during winding is a well-known phenomenon, 
and it has been investigated by Dolezalek and Ebeling *; but in any 
case itis a simple matter to determine experimentally the inductance 
of a sample length independently of all formulae—a few yards of 
sample conductor, without dielectric, is sufficient for this purpose. It 
is somewhat disconcerting to notice that in Appendix IXa. the capacity 
of the wire-whipped conductor core is represented as being 0'134, 
which is less than that of the core having a plain strand. As a matter 
of fact, the capacity for comparison in the case of the whipped con- 
ductor would be more like o'185 microfarad. This mistake also 
vitiates Table B. 

It is stated on page 321 that one reason for constructing the 
core of the 160/300 type is, that should the coils prove defective, 
they could be cut out and a cable obtained which would be a duplicate 
of the existing one. But а (соге of 107/150 type whipped with one 
layer of 8-mil wire, has a lower attenuation constant than an unloaded 
cable of 160/300 type, and its cost is naturally very considerably less— 
something like 4 for the dielectric alone. If the coil-loaded cable 
should prove unsatisfactory and the coils should have to be removed, 
the expense would be not merely the cost of the coils and their removal, 
but in addition the difference between the cost of a cable of 160/300 
type and that of 107/150 type. There seems therefore to be a great 
held for the lighter type of whipped cable to replace all existing core 
of heavy unloaded type for speaking over the same distance. 

Mr. ‘J. Е. Coote (communicated): In connection with the cable to 
Ireland (page 313), the author has referred to the degradation of trans- 
mission which arises from joining circuits in parallel. The results 
obtained are confirmed by some experiments made a few years ago by 
the National Telephone Company. The first consisted in putting 
12-mile lengths of 20-lb. cable conductors in parallel, and the equated 
lengths were found to be as follows :— 


No. of 12-mile Lengths. Equated Length. 
I 12:0 standard miles. 
2 15°3 е 
3 16'S m 
4 18:6 » 


that is to say, 4 pairs in parallel are actually 55 per cent. worse than a 

single pair. In another experiment 40 to 5o pairs of 20-lb. cable 

conductors about 6 miles long were placed in parallel and the trans- 
* Elektrotechnische Zeitschrift, vol. 24, p. 770, 1903. 
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mission was so bad that speech was not articulate. Both these cables 
were ordinary dry-core underground cables. 

By the usual formula for small gauge cables, the attenuation 
В = ./1/2 р К Ё should, of course, remain constant, for the capacity is 
increased in the same proportion as the resistance is reduced, but when 
a large number of conductors are put in parallel in this way, the line 
impedance „/ R/? K is reduced to a very small value, and the practical 


` result is to put too much load on the induction coil. The above experi- 


ments also show why one of the claims made for multiple-twin cable was 
never realised. Although putting circuits in parallel, as a general rule, 
degrades transmission, there is one case to which I think attention 
should be drawn, where there is a gain and not a loss, viz., where parallel 
lines are used for the local line in central battery working. The reason 
for this is, of course, that the transmission allowance for the local line 
depends upon the feeding current through the transmitter, and by 
paralleling the lines a considerable increase of current may in many 
cases be obtained, with a consequent gain in the transmission. Experi- 
ments, which we have made in the Investigation Department of the 
National Telephone Company, have shown that in the case of parallel 
lines used in this way the allowance is governed simply by the ohmic 
resistance of the line, and that the effect of the increased capacity is 
negligible, at least up to 2 miles of standard cable, which will cover 
the majority of cases where it may be necessary to adopt this course. 

In the tests made on the loaded cable at Woolwich (page 323), when 
artificial cables were inserted at the two ends to annul reflection losses, 
Io S.M. being used in one test and 15 in the other, it appears that 
то S.M. was sufficient for the purpose, because the attenuation constant 
obtained was practically theesame as' with 15 S.M. When, however, 
the cable was tested after laying, it is stated on page 355 thatit was found 
necessary to insert a length of rather more than 20 S.M. to prevent 
reflection. As the arrangement of circuit appears identical in the two 
cases, I should like to know to what the difference is due. 20 S.M. 
seems to me an excessive amount. 

With reference to the formula for 8 given on page 324 it is stated that 
the value of the attenuation constant, indicated by a comparison with 
the artificial standard cable, requires the value of S/K to Бе 8о. І should 
like to ask whether we are to understand this value to be generally 
applicable to gutta-percha cables, or only to the Anglo-French loaded 
cable, because I have tried to see how this constant would work out on 
the experimental loaded gutta-percha cable referred to on page 320, and 
using the data given there, I find 8 comes out at 00436 instead of 00427, 
which is given as the calculated value, i.e., 4 per cent. greater than the 
experimental value, instead of 2 per cent. Now it happens that 8o is 
the constant which has been given by the Western Electric Company 
for calculating 8 for a loaded air-space cable, and was obtained by 
taking a large number of actual values of 8 on loaded lines by speech 
tests against standard cable, and seeing what constant, inserted in the 
formula, would give the same results. I am surprised to find that the 
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constant for gutta-percha cables is exactly the same as for dry-core Mr. Coote. 
cables. The value which must be given to the constant will depend, of 
course, on whether the alternating or direct-current value of the 
capacity is inserted in the formula. The alternating-current value is 
naturally the right one to use, but as the direct-current value can be 
obtained with far more accuracy than the alternating-current one, and 
the constant is only empirical, I think it would be preferable to use the 
direct-current value of the capacity. This was done, I believe, by the 
American Telephone and Telegraph Company, who originally got out 
the constant 80. The author has used the value 0'138 for the capacity, 
which is stated in the table in Appendix IXa. to be the alternating-current 
value at 750 (^J. I should like to know how this figure was obtained. 
For, in the specification on page 351, the maximum wire-to-earth 
capacity is given as 0'275 microfarad per N.M., and therefore the mutual 
capacity has a maximum value one-half of this, ог 0°138, the same as 
given for the alternating-current value. Now the alternating-current 
value of the capacity is certainly less than the direct-current value, and 
the average ratio between them, as far as I can ascertain, is about ото, 
which would make the true alternating-current value certainly not 
more than 0'124. If we now insert this in the formula for 8, and take 
Bas o'o166 we get a value of 94:5 for the constant instead of 8o. 

On page 340 the author has given the data of some foreign 
continuously loaded cables. At the meeting when the paper was read, 
one of the lantern slides gave particulars of the cables mentioned in 
the paper. Ionly caught a momentary glimpse of it, but I think at the 
end I saw another one, from Italy to Sicily. I should like to know if 
that is a recent cable, as I only know of the one laid in 1905, which had 
no iron wrapping. In addition to those given in the paper there is 
only one other of importance, the second Fehmern-Laaland cable, laid 
in 1907, which was a considerable improvement on the first, the attenua- 
tion constant being о'013 per N.M. as against o'0184 for the earlier one. 
Besides this, there are some short lengths between Korsor and Nyborg, 
and some on the coast of Iceland and between the Faro Islands. It 
Seems likely that the present loaded Anglo-French cable will be a 
success in every respect, and consequently that continuous loading 
may not be again used for submarine cables. I therefore think, as this 
Paper is historical, that it would be desirable to make the lists of 
continuously loaded cables complete, and I give such data as I have 
for those mentioned above. 

In Appendix VII. the capacities are given as mutual, but are they 
not really the wire-to-earth figures? The values given, when turned 
into kilometre units, are double the mutual capacities given by Dr. 
Breisig,* which he states expressly in a footnote are for 1 km. loop. 
Again, to take the first cable, which is a gutta-percha one, if the mutual 
Capacity is 0:324 microfarad per N.M., the wire-to-earth would be 
0628, and in the case of the last cable, also gutta-percha, it would be 
гоо microfarad per N.M., which are, I think, improbable values. In 

* Elektrotechnische Zeitschrift, vol. 26, p. 385, 1905. 
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this connection I should like to mention that, in the National Telephone 
Company, we have long ago ceased to quote any single-wire values. 
They are merely a relic of the days when earth circuits were used; 
they are never wanted in practical calculations, and only serve to 
introduce confusion. 


CONTINUOUSLY LOADED CABLES. 


Mechanical Data. 


Number| Area of | Wrapping 


Insulation 
When| Length, of Copper, of Iron : Lead 
Cable. Laid.| N.M. | Con- | Square | Wire | Thickness |Sheath. 
ductors. Inch. (Mils). 
IKE UE E oe ey E) „лышы шз ыш 
Fehmera-Laaland | юу том | 4 | const | 3x rae |[{Ашзрасе || ум 
utta 
Korsor-Nyborg * 1906 | 10°32 — == PM | percha | No. 
AI t of 355 | 
ong coast o 
4 Gutta 
Шш рды кер = | — | ome | euio | рз || ® 
Islands ... js 9315 


* This is made up of short lengths varying from o'16 to 1°94 mile. 
+ The conductor of this cable is made up of a circular wire 84:7 mils diameter, 
surrounded by three trapezoidal wires 94:5 X 1977 mils. 


Electrical Data. 


— — e ———— —— —— v —' 


Resistance per Mutual Capacity | 
М.М. Loop. 


рег М.М. Real 
Inductance Attenuatiot 
Cable. per Constant (4) | 
N.M. Loop, | 
Direct [аша | Direct, | дш | Milihenries, | DT) 
Current. |Current) Сеп. Current. 
Fehmern-Laaland 8:90 __ ; Я А 
Е { (at 5 r)} 0087 | 0077 18:2 00130 
Korsor. Nyborg ... { (at SE! 864* | 0254 | 0236 17 оо? 
Along coast of | 
Iceland and — | = к en = = 
between Faróe | | 
Islands ... T | | i 


* This is at 765 СМ. The value at 1225 N) is 9:42 ohms per N.M. 


In Appendix ІХА. the figure 18:50 ohms for the steady resistance 
per N.M. is, I think, not quite correct, as the coils are given 25 
2:25 ohms each, and they are placed at intervals of 1 N.M. Adding 
this to 14°42 ohms, the value of the cable per N.M., we get 16:67 ohms 
for the total resistance. Inthelast paragraph of the paper I do по! 
understand what is meant by “8 per second." I take it to be a mis- 
print for *8 per N.M." Also, why is the frequency of 800 mentioned 
in connection with the speech test ? The value for 8 so obtained is an 
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experimental one, and does not depend upon any assumption as to 
what single frequency most nearly represents speech. Why is 8 given 
as o'0169 instead of о'о1бб as in Appendix IX.a? Is this intended to be 
some correction based upon a change of frequency from 750 to 800? 
If so, I do not see how it can be done for a speech-test value. 

Mr. L. B. TURNER (Post Office) (communicated) : In that part of 
his paper dealing with continuously loaded cables, the author has 
shown how unsuccessful have been the attempts to pre-determine 
the efüciency by mathematical calculation; and I should like to 
make a few remarks bearing on this point. Before attempting to 
account for the error of the calculated results referred to, we 
must understand how much is meant by such terms as “ calcu- 
lation” and “ pre-determination of results" when used in the present 
connection. Sir John Gavey has spoken of a continuously loaded cable 
designed by him, in which the calculated attenuation is very nearly 
equal to the observed ; and he suggests that this superior agreement is 
due to the use of iron strip annealed after the wrapping, instead of wire 
left unannealed. But while Sir John Gavey is to be congratulated 
on having produced, probably, the best continuously loaded cable that 
has yet been made, it cannot be conceded that this cable marks апу 
advance іп the accurate pre-determination of efficiency. The 6 of this 
cable was only calculated from its inductance and resistance as 
measured, and this is precisely the calculation we are making every 
day for coil-loaded cables, with the pronounced success that Major 
O'Meara has indicated. We measure the inductance, the resistance, 
and the capacity of loop and loading coils, and then calculate 8 with 
the aid of the Heaviside formula. And, as Dr. Fleming has reminded 
us, this formula belongs to the continuously loaded cable, and is only 
applicable to coil loading at all in so far as the Pupin ratio— 


sin Ы [ E К 
2[2 

тау be equated to unity. There are three degrees of completeness 
of calculation for the 8 of a continuously loaded cable ; and of these 
the one just considered is the most empirical. Atthe other extreme 
is Professor’s Larsens work, whose formula are summarised in 
Appendix VIII. of the paper. Larsen takes, as experimental data, 
only the permeability and the specific resistance of the iron wrapping, 
and from these he calculates the inductance of the loop and the eddy- 
current loss in the iron. It is the figures yielded by these very 
fundamental calculations which have proved so unsatisfactory. The 
intermediate procedure, not quite so radical as Larsen's, is to make 
à preliminary test of a sample of the iron in order to find the 
permeability and the losses experimentally. 

Now as to the cause of the discrepancy. I believe that it lies in the 
rather obscure magnetic resistance offered by a joint in an iron circuit, 
a resistance apart from, and in addition to, the resistance of any air-gap 
separating the two iron surfaces. This was first noted by Professor 
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J. J. Thomson in 1887, and is discussed by Professor Ewing in his book 
on “ Magnetic Induction.” Ewing made experiments to determine the 
length of the air-gap equivalent to a junction in the iron of the circuit. 
His tests embraced a considerable range of flux density, but unfortu- 
nately for our present purpose, the density was always high ; so that 
until experiments have been made at the low densities which here 
concern us, it is only possible to make a more or less rough estimate of 
the effect of a junction. "This effect, however, is probably large, and 
it finds no place in Larsen's formulae. The а in the equations of 
Appendix VIII. allows for the air-gap necessarily crossed bv a circula 
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flux traversing a helical wire wrapping, but the independent junction 
resistance is not expressed. Dr. Breisig, in his new book ** Theoretische 
Telegraphie," slightly modifies Larsen's expression for a, but he also 
omits to take account of junction resistance. 

That this resistance must not be overlooked, and that, when duly 
allowed for, satisfactory calculations can probably be made, is evi- 
denced by the following figures. The cable tested was one whos 
conductors were loaded with a single layer of iron strip, annealed 
after wrapping. Its inductance and resistance at 820 p.p.s. wet 
measured, and, from tests made on a sample of the iron, the permea- 
bility and the iron losses were independently calculated. Measured 
and ealculated values for the cable were then as follows :— 


| L. | R. an 


NUN EM m | 
Measured ... e| 17, | 5'8 (+ 17:6) 0'021 
Calculated ... «5s 20 73 (+ 176) 0'021 


Considering the absence of exact information as to junction resist- 
ance at low flux densities, the agreement in the values for L and КЪ 
satisfactory. The equality of the two values of 8 is of course an 
accident, due to the discrepancies in L and R neutralising each other. 
If the junction resistance had been neglected, the calculated induc- 
tance would have been some 30 per cent. higher. In the cable of 
Appendix IX. of the paper the neglected junction resistance is much 
more important even than this. 
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Turning now to the proper value to be attached to p in the calcula- 
tions, Dr. Fleming has spoken of the difficulty of measuring permeability 
with the small high-frequency forces to which the iron wrapping of a 


Mr. Turner. 


continuously loaded cable is subject. Dr. Fleming suggested that this , 


difficulty may be responsible for the erroneous calculations of 8, and 
he mentioned his very interesting method for determining p as а 
factor in: the observed high-frequency resistance of iron wire. Per- 
haps hidden difficulties are yet to be met, but hitherto I have found 
no objection to the ordinary ring form of core for determining the 
permeability of the iron. My test.rings have been about 8 cm. in 
diameter, with an iron cross-section of about { sq. cm., and wound 
with a single layer of No. 21 gauge copper wire. The measured 
inductance of such a ring gives the required permeability of the core, 
while the difference between its resistances under the appropriate 
alternating current and under direct current—which difference I will 
denote by r,—allows the core loss, and thence the effective resistance 
of the loaded cable to be determined. In these rings I have been sur- 
prised to observe that with increase of current 7, increases more rapidly 
than the square of the inductance or permeability. A pure eddy loss, 
being proportional to В, would make 7;/y? constant ; and the observed 
increase of 7,/u7 indicates a core loss rising more rapidly than the 
square of B. This, I think, can only be attributed to hysteresis ; 
although, at large forces, hysteresis loss is roughly proportional to 
the 1°6th power of В, and is commonly supposed to vanish at very low 
forces.* Similar rise in resistance has been observed in loading coils 
at the Post Office, and in a paper by Dr. Ebeling I see it also men- 
tioned in connection with the German loading coils. 

If this hysteresis loss is present, one would anticipate great difficulty 
in allowing for it in Dr. Fleming's resistance method of measuring p. 
For if р varies with the frequency, we cannot assume that the hysteresis 
loss per cycle is independent of the frequency, and consequently the 
ordinary method of separating hysteresis and eddy losses fails. 

In the absence of other published information, the following figures 
may be of interest in showing the kind of permeability values to be 


ANNEALED IRON WIRE. Н = оо. 


| 


Test. h. 
Ve ста РОТИ ыиы мык | 
1315 О |. 144 (91) 
776 Со 154 (99) 
- Ballistic | 158 


* At infinitely low values of Н, if и is to remain finite, it can easily be shown 
on a priori grounds that any remaining hysteresis loss must vary more rapidly 
than B?. 
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Mr. Turner. reckoned with in the iron of a continuously loaded cable. The values 


Mr. 
Wilkinson. 


of н enclosed in brackets refer to the wire after being overstrained, 
as by wrapping round the copper conductor. 

Mr. H. D. WILKINSON (communicated): This paper marks a very 
important advance in the application of inductance to submarine cables 
for telephonic transmission. The attenuation of the impulses and the 
distortion on long lines at low frequencies have long been familiar to 
those who have had to do with telegraph submarine cables—in fact, 
years before telephoning through them was thought of. The distortions 
of impulses have been known to be due to the rush of charge into the 
dielectric and the incomplete discharge between successive impulses. 
In telegraph cables this has been corrected to a very satisfactory extent 
by electrical and mechanical curbing, the magnetic shunt, inductance 
inserted in the line, and other shore devices suitable to the low frequency 
and the mechanical nature of thetransmission. In telephony theimpulses 
are not started direct from a primary source, but are induced and subject 
to modification of wave-form in the transmitter. 

The Duddell oscillograph has revealed the character and frequency 
of these impulses, and mathematical treatment based on Heaviside's 
papers has received an immense degree of elucidation in the hands of 
Pupin, Kennelly, Hayes, Campbell, Kempe, and other investigators, 
which has enabled the characteristics of the line and action on the 
impulses to be separately studied. The most important outcome has 
been the addition of inductance along the line to counteract the dis- 
tortion effectof capacity. The trials carried out by the engineers of the 
Post Office, the National Telephone Company, and Continental under- 
takings during the last ten years have given valuable experience of both 
continuous and spaced loading. 

The author shows in Tables A and B the great increase in speaking 
efficiency produced by continuous loading by which the attenuation 
constant can be reduced 50 to 70 per cent. as compared with an 
unloaded cable, also the still further gain of 1o to 15 per cent. by 
spaced loading. He has shown in Appendix VI.B that for equal tele- 
phonic efficiency a spaced loaded cable costs materially less than a 
continuously loaded one. Hence there is only one conclusion—that in 
the present state of the art, for least cost and maximum efficiency, 
spaced loading was the right thing to apply to the new telephone cable. 
Mechanically, however, spaced loading in a submarine cable involves 
greater risk in the usual operations; the cable is also less simple to 
manufacture and handle than a continuously loaded cable of uniform 
overall dimensions. 

The insertion of inductance coils in aerial lines at poles or in under- 
ground lines at test-boxes is a comparatively simple matter, but it is 
not so simple to insert isolated coils in a submarine cable so that all 
exigencies attending cable operations can be satisfactorily met. We 
have it in the paper that Continental engineers have kept to continuous 
loading, possibly reckoning the additional efficiency of spaced loading 
not worth the mechanical difficulty and risks involved. 
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The contractors for the new cable—Messrs. Siemens—are to be M 


warmly congratulated on the design of the new Channel cable. With- 
out any data or suggestion of the electrical and magnetic dimensions of 
the coils or their spacing in the specification, they have succeeded in a 
design correctly complying with the requirements as regards attenua- 
tion. They have also developed a very neat way of fitting-in the coils 
in the cable and the working-in of a second layer of sheathing wires to 
cover the bulge. Moreover, they had to undertake the laying with full 
responsibility, and carried everything out to a successful issue. This 
cable will probably be the approved type for future telephone cables 
in this and greater depths. It is not likely that lead-sheathed paper 
cables will again be laid in any depths exceeding roo fathoms, not- 
withstanding the advantage of lower capacity and lower cost of 
dielectric. Deformation took place in the Lake Constance cable at 
the test pressure necessary to secure a proper factor of safety for 138 
fathoms depth, and this contingency had to be provided for by a steel- 
wire spiral under the lead sheath. This considerably reduced the 
flexibility of the cable, and a very elaborate gear was provided for laying. 

The new telephone cable, from the description in the paper, required 
careful nursing in laying, but the contractors anticipate no difficulty in 
repairing operations. The localisation of breaks and faults and the 
picking up and re-insulation of the coil portions will, at any rate, be 
novel and of great interest to those fortunate enough to be engaged on 
the work. Judging by the number of positions where previous cables 
have been damaged and repaired, as shown on the chart in Fig. 17, 
there should be no lack of opportunity in the near future for proving 
the facility with which repairs can be carried out. 

There is one point in the earlier part of the paper which I do not 
think has been touched upon, namely, the comparative trials on page 313 
between two ordinary telegraph cables and an air-space telephone cable 
бо miles long between Wales and Ireland. It would appear from the 
particulars given of these cables in the paper that the diagonally oppo- 
site pairs of conductors in the air-spaced cable were spaced 30 per cent. 
nearer to each other than those in the telegraph cables with which the 
comparison was made, and 50 per cent. nearer than the conductors in 
the 1891 Paris cable. The electromagnetic induction between pairs 
producing overhearing would, therefore, be largely due to the greater 
proximity of the conductors in the air-space cable and not wholly to 
want of symmetry in manufacture as suggested on page 314. The 
importance of separation between conductors as one factor in increasing 
the range is laid down in recommendation (a), page 315, and although 
this consideration was kept in view as regards subsequent cables it does 
not appear to have received the attention it deserved in the dimensions 
of theair-space cable. The length in this case being three times that 
of the Paris cable, the separation of the conductors should have been 
greater, whereas the actual separation was very much less. It hardly 
appears to me, thereforc, that a fair case is made out for the complete 
abandonment of this type. 

Vor. 46. | 21 
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In the Willoughby Smith and Granville air-space cable the gutta 
percha is moulded round the conductors in the form of an arch so as to 
give great mechanical strength suitable for laying in depths up to 250 
fathoms. Either continuous or spaced loading could be adapted to 
this design of cable. The reduction of capacity due to the air 
space between conductors would mean that a less degree of loading 
would be required for the same speaking effect, and it might, 
therefore, work out that continuous loading in this cable would give 
very nearly the maximum efficiency. If so, the advantage of a perfectly 
uniform exterior would be secured. On the other hand, spaced loading, 
if employed, could be carried out at longer intervals owing to the lower 
capacity and lower dielectric conductance, and if the coils were placed 
asin the Romanshorn cable, but with thinner and more elongated cores, 
they could be stowed away in the air-space with very little increase in 
the over-all diameter. 

Mr. E. H. RAYNER (communicated) : The difficulties of submarine 
telephony are well indicated by the figures on page 355, where measure- 
ments made show that at a frequency of 1,700, three-quarters of the 
current put into one end of a 40-knot cable disappears, and only one- 
quarter arrives at the other end. At a lower frequency, about 750, 
nearly half the current is lost. А very minute and quite inappreciable 
portion of this loss may be put down to true insulation resistance 
leakage ; and a second portion to apparent leakage caused by dielectric 
losses due to the use of alternating potentials. Considering a con- 
centric cable as a condenser which is subjected to an alternating 
difference of potential, there is always some loss of energy at each 
alternation. The dielectric does not give out on discharge quite so 
much energy as is required to charge it. In consequence, the losses 
in a cable appear to be much greater when subjected to alternating 
potentials than when subjected to continuous potentials. The energy 
loss simulates a lowering of the insulation resistance, which becomes 
more important as the frequency is raised. Thinking that some 
experimental results on this subject would be of interest, and possibly 
of some value, I have attempted to measurc the energy loss in a short 
length of gutta percha covered wire, with the idea of calculating the 
loss in a longer length of similar cable at about telephonic voltage and 
frequency. Such calculations depend on the assumption that the 
energy loss varies as the square of the voltage. In the calculation 
below I have assumed that this holds over a range from 1 volt to 1,000 
volts or more. It is known that the relation holds over a wide range 
of voltages, and the experiments below indicate that it holds over a 
range of 1,000 to 4,000 volts in the case of the cable experimented on. 
The fact that the power factor is about 4:3 per cent., which is but little 
higher, I believe, than is usually found for gutta percha at lower voltages, 
shows that the assumption is very largely justified, and the results 
ought to give a good idea of the order of magnitude of the loss at 
small voltages. The cable tested was 7:3 metres in length. It was 
45 mm. external diameter, and the conductor was 125 mm. in 
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diameter. It was placed in water, and the energy.required to charge 
it was measured by an electrostatic wattmeter. This instrument was 
designed for the measurement of such insulation losses at several 
thousand volts, and, as at present arranged, it is not sufficiently sensi- 
tive to measure small quantities of energy at lower voltages. The 
frequency was about 50, and the temperature 9°5°C. In the following 
table the watt measurements have been divided by the squafe of the 
kilovolts, which should give a figure that is the same for all voltages 
if the square law above mentioned holds. This, it will be seen, is 
the case to the accuracy attainable by these measurements. The 
charging current is proportional to the voltage to a similar degree of 
accuracy :— 
4 
CABLE : 7'3 metres of 1'25 mm. conductor covered with gutta percha to 
45mm. Temperature, 9:5°С. Frequency, 5o. 


| р 


З : . Watts Volt- Pow 
| Volts. Watts. (Kilovolts)2 Amperes. dinpercs Factor. 
cnet ee ———— |.—————————— ] ——_ —_— OO шш ыы 
Per Cent 
4,000 0'250 0'0156 0'001460 5°84 4`25 
| 
3,000 0142 0'0158 O'OOIIIO 3°33 4'26 
| 2,000 0°062 O'O155 0000726 1°45 4°27 
| 1,000 о'о1б o'o160 0000369 0'37 4°32 


Taking, for example, the figures obtained at 2,000 volts, the watts 
per metre are o'0085. At 1 volt instead of 2,000 this would be 
0:0085/2,000? = 0002125 X 1075. For a length of 40 knots (= 46 km.) 
the loss would be 0*000098 watt at 50 frequency. As this loss is pro- 
portional to the frequency, it would at, say, 750, be 15 times as much, 
or 0'00147 watt. This small quantity of energy absorbed by the gutta 
percha when subjected to an alternating difference of potential of 
I volt does not appear to be of great importance, but it is, I believe, 
a fairly large amount in telephone engineering, апа I shall be interested 
to hear what the author has to say on the subject, and whether he can 
supply any figures of this source of loss in telephone cables. If 
simultaneous watt measurements could be made at the two ends of 
a telephone cable transmitting a musical note at a known voltage and 
frequency, the difference of the readings of the two instruments would 
give the total loss of energy in the cable. Subtracting from this the 
C*R loss, allowing for attenuation, the remainder ought to give the 
energy loss in the insulating material, which is only to a very small 
extent true resistance loss. The difficulties of measuring power at 
such low voltages are very great; it will be interesting to hear what 
figures are available on the subject, If they support the value obtained 
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ahove, it would confirm the square law, upon which the calculation 15 
based, over a wide range of voltages: future cable dielectric losses 
could be measured at high voltages ; and asthe facility of measurement 
increases very quickly with the voltage which can be used, the 
measurements become comparatively simple. It seems that except 
as a water-tight external covering, the use of gutta percha as a dielectric 
for telephone cables must give way to some material of smaller 
dielectric constant, and of possibly smaller effective leakance. In any 
case, the use of it in the space between the two wires of a circuit is to 
be restricted as far as possible, and it is unfortunate that paper loses 
its insulating property when used with an outer layer of gutta percha 
under water. Something on the lines of the air-core cable (Fig. 15) 
with just sufficient gutta percha to make a satisfactory covering for 
the wires might be practicable ; and to prevent the failure of this type 
of cable from a telephone point of view, due apparently to loss of 
symmetry, it might be made solid in the middle with some material 
such as dry wood in lengths of about 2 in., if it is possible to impreg- 
nate it with some such material as paraffin wax to prevent the 
absorption which occurs with paper, grooved to fit the shape of the 
wires with their covering. If allowed to become damp the loop 
capacity would rise very rapidly. 

Since writing the above I have gone further into the matter, and 
the experiments led to the unexpected result that the temperature 
coefficient of energy loss at 50 Cw was negative, the loss falling off as 
the temperature rises at a rate of rather more than 1 per cent. per 
degree Centigrade. The whole series of experiments seemed to be of 
such interest that Mr. Campbell has kindly obtained results for me on 
the same piece of cable by entirely different means. He has employed 
Rowland's modification of Carey Foster's method, using about ro volts 
and a frequency of 8oo. The resulting power factor comes out at 
about 5 per cent, in contrast with 4'3 per cent. at 4,000 volts and 
50 СК, and he also confirms the temperature coefficient. I am not 
sure of the relative importance of these effects compared with others 
as regards the difficulties of submarine telephony; but perhaps the 
author can give values found at the usual test temperature of 75° Е. 
(24°C.), and the results of similar tests at ordinary sea tempera- 
tures. 2 

Mr. С. M. SHEPHERD (communicated): In regard to the formule 
given in Appendix X., I would like to ask whether the constants in (1) 
are for the singlc-wire circuit. Although the expression of resistance 
in terms of one wire may be a conventence to manufacturers, it would 
appear that to deal with the other three constants in a similar manner 
may lead one into considerable difficulties, since the ratios, for instance, 
between loop and earth capacities, or loop and single-wire inductances, 
are by no means invariable. We are still in a transition stage as 
regards cable testing, but sooner or later the manufacturer will have to 
work in mutual values, just as the telephone engincer must think in 
them, 
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Turning to the short formula given for attenuation— 


fr 0141 J K 
B = 632 l ) 
which is stated to apply to the special case of / millihenries greater 
than r ohms, I think this limitation is rather too severe, as the type of 
formula— 


В=+Е ‚/К/1, 


is known to apply quite closely even when {һе К is considerably larger 
than the L in millihenries. A better criterion is probably the ratio 
p L/R, where f is taken to be, say, 5,000, and L is in henries. If P L/R 
is 3 and upwards, then the above shortened forms are accurate enough 
for all practical purposes. 

Now in regard to Mr. Kempe's expression for the most efficient 
loading, there is another factor which has an important bearing upon 
the loading limit, more particularly in the case of local junction lines ; 
that is the terminalloss. The following formula— 


т == AL) +F (L), 


is a general statement of the valuc in miles of standard cable for a loaded 
cable of length /, where a is the attenuation constant of standard cable, 
and f(L), Е (L) are functions of L representing the attenuation of the 
loaded circuit and the terminal loss respectively. The latter function 
depends upon the form of the loss curve for any particular terminal 
condition. As an example, take the case of a loaded cable between 
two C.B. exchanges having subscribers' lines equivalent to, say, 2 miles 
of 20-lb. cable. ‘The above formula becomes— 


` R 1271, K = 
m= asl (> + = )л + 1075 VE, 


2. 


and for a minimum, L, the limiting inductance per mile is given by— 
L = 0'0022/ R/(0'279! + 21:5), 


if K is 0'054 microfarad per mile. Thus if the line is ro miles long and 
conductor resistance = 44 ohms per loop mile, the limit is oʻo4 henry 
as against about 0°35 henry if no terminal effect required consideration. 
A set of empirical formulz like this for the terminal conditions usually 
met in practice will save much cut-and-try work. 

I would like to add a few remarks respecting Dr. Thompson's 
advocacy of the inductive leak method of loading. Dr. Thompson 
is sceptical of the so-called mean speech frequency, and its use in 
transmission calculations, though, by the way, he suggests the employ- 
ment of such a figure in his 1891 specification. Now, if one considers 
a compensated cable on the Thompson principle, and determines the 
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attenuation constant for a number of frequencies, some rather curious 
results may be obtained. Let us assume that by means of suitably 
spaced bridged inductances a value L’ per mile is given to the line: 
also for simplicity let the coils have negligible effective resistance, and 
the line negligible leakance. Then 6 is given by— 


nm vs -pg) JE * PI - рі. 
Now let— 
L' os henry per mile 
L O'O0I7 , A 


K = or1i2 mfd. » | Unloaded Paris cable. 
К z 12:5 ohms " | 


| С. В of Thompson Line. В of Unloaded Line. 
660 0'007 13 0'0425 
1,000 0°03530 00466 


If the above figures mean anything, the variation in attenuation 
Over a region rich in distinctive telephonic tones may amount to 
several hundred per cent., as against то per cent. in the case of the 
unloaded cable. Then, again, considering the characteristic impedance 
of the lines, differences of the same order are found, viz., a change of 
some hundreds per cent. for the Thompson line, against about 15 per 
cent. for the unloaded cable. Loading of this sort is therefore likely to 
lead to distortion of a remarkable kind, though it might be well adapted 
to single-frequency telegraphy by alternating currents, Dr. Thompson 
pleads for a practical trial of his system. This would no doubt be a 
matter of much interest, but until its inventor translates his faith into 
plain arithmetic, as Pupin did, series loading is likely to hold the field. 

Mr. A. К. BENNETT (communicated) : I see that doubt exists as to 
when Mr. Oliver Heaviside’s investigations were first translated into 
practical action. Mr. Heaviside discussed two methods of improving 
the efficiency of long-distance lines : (1) By leaks (which was not new); 
(2) by reducing resistance and increasing inductance. The former plan 
I tested practically in 1888 when erecting the first trunk lines through 
Fife for the purpose of bringing Dundee and Aberdeen into communi- 
cation with the Scottish southern systems. The line from Stirling to 
Dunfermline, and thence on to Burntisland, was furnished with weather- 
proof shunt coils at every half mile, this section being approximately 
midway between Edinburgh and Glasgow and Dundee. The line 
spoke quite well over the longest distances which could then be brought 
into circuit, about 200 miles roughly, but not appreciably better 
than it did on a wet day without the shunts. It was, of course, an 
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early observation—anterior to Mr. Heaviside's work—that long lines 
spoke better in damp than in dry weather, the uniform leakage 
due to wet insulators being decidedly better than very high insula- 
tion, at least for the distances then practised. It chanced that Lord 
Kelvin, then Sir William Thomson, asked me soon after the coils 
were fitted if anything had been done in this direction, and was 
delighted and very much interested on hearing about the Stirling- 
Dunfermline trunk, about which he made minute inquiries. He then 
spoke of the inductance theory, mentioning Mr. Heaviside's name 
with much appreciation, although I am not sure that the paper on the 
subject had then appeared in print. I had, however, previously heard 
of the theory in some way. Lord Kelvin said that probably a prac- 


ticable way to apply the inductance method would be to insert coils at. 


intervals along a line. If I am not mistaken, Mr. Heaviside did not 
himself suggest loading lines with coils till the first volume of “ Electro- 
Magnetic Theory" appeared in 1893. The copper wire with which the 
trunks were run provided speaking good enough for existing purposes, 
and I did not think it worth while, especially in view of the negative 
results obtained from the shunts, to trouble about inserting coils on any 
of thelines. But Mr. Heaviside's labours did save the National Tele- 
phone Company a little money on one occasion by preserving 1n use an 
iron wire that would otherwise have been scrapped.  Selkirk was 
originally joined to Galashiels by a single No. 11 galvanised iron 
junction wire about 6 or 7 miles long. When the copper metallic 
circuit trunks were extended from Edinburgh to Galashiels and Hawick 
in 1889 it became necessary to turn this into a metallic circuit in order 
that Selkirk might use the trunks to best advantage. This was done by 
running a No. 14 copper alongside, and crossing it every half mile with, 
the iron, so that the loop was half copper and half iron in alternate half- 
mile lengths. Of cqurse the iron brought resistance with it as well as 
inductance, but mixing it with copper enabled it to be used over the 
longest lengths then available, which a loop composed wholly of No. 11 
iron could not have been without notable disadvantage to the speaking. 
Both this line and the shunted Dunfermline trunk were still at work when 
I resigned from the National Telephone Company in 189o. I under- 
stand that the foreman, Mr. A. Maclean, who erected the shunts, is still 
with the Company, and will surely recollect them. The Selkirk 
compromise, I learnt two or three years ago, was well remembered by 
Mr. C. M. Gardner, who was local manager in the Galashiels district in 
1889. The sale of the trunks to the Post Office, where inductance for 
telephone lines was not then believed in, put a stop to such experi- 
ments ; but I think I have said enough to show that Heaviside was not, 
in the early days, ignored entirely by engineers of his own nationality. 
Mr. CHARLES BRIGHT, F.R.S.E. (communicated): At a time when 
this subject was more or less in its infancy, I had occasion 
to collect particulars of various suggested telephone cables for 
the purposes of a certain book. In this may be found the first 
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distributed shunt inductance; (b) Mr. (now Sir) W. Н. Preece’s twin 
conductor cable—with metallic circuit; and (c) Messrs. Willoughby 
S. Smith and W. P. Granville’s air-space cable.* It was then in 
(1898) a moot point whether any of the developments of Mr. Oliver 
Heavisides and Professor Pupin's mathematical enunciations would 
meet practical requirements. Whether or no these devices have been 
given a sufficiently full trial under favourable conditions—say for 
underground purposes—I am not in a position to state. However 
that may be, it is only to-day that we can be said to have achieved— 
by an entirely different method—a really satisfactory solution to 
the problem of employing self-inductance for neutralising the un- 
favourable electrostatic capacity effects of a long-distance telephone 
circuit. Whilst yet another method—that of continuous loading—may 
be a more correct method theoretically, the experimental results so far 
obtained by the Post Office appear to favour distributed coil loading 
(with its obvious advantages in the way of mechanical simplicity)—as 
adopted in the recently laid Government cable—if only for financial 
reasons. It seemed at onc time as though inductance coils could 
never be made toform part of a submarine cable —owing to the “blobs” 
involved being a source of serious difficulty in laying and repairing 
operations—but all these objections have been successfully coped 
with ; and, as a pioneering work, the result can but be a great source 
of satisfaction to those concerned, especially to Mr. Dieselhorst, the 
more so as the line was made and laid across the English Channel 
without a single hitch. Any one inspecting the device cannot fail to 
be impressed with its workmanlike and lasting character. 

When witnessing the cable being shipped on board Messrs. 
Siemens’ Telegraph ship Faraday, I watched with much interest— 
not unmingled with misgivings—the passage of that part containing 
one of the loading coils as it passed over a pulley. The special 
arrangement of fleeting knives is, of course, highly interesting to 
the cable engineer. Probably due to a slight clerical slip, а 
passage in the author's paper seems to imply that the provision 
of fleeting knives for the paying-out brake drum was either novel or 
unusual; but I need scarcely remark that fleeting knives have been 
invariably employed in cable work for almost as long as cables have 
been laid.[ The special precautions adopted on the Faraday were, 
however, entirely original, and have, I fancy, proved highly cftective 
for meeting the exigencies of the case. 

. Mr. Alexander Siemens has already called attention to the real 
significance of the word “knot,” and has pleaded for “ naut” as the 
proper forcshortening of “nautical mile." I would, however, venture 
to plead for “N.M.,” the fact being that “naut” both frequently 


sounds like “knot,” and is often so recorded by the printer. ‘To my 


* * Submarine Telegraphs : their History, Construction, and Working." pp. TM 

t Previously used in colliery work, they were first adapted to the fore and aft of a 
cable drum by the late Mr. К. S. Newall when fitting up the old (original) Monarch 
for laying some of the earliest cables to the Continent. 
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mind, it is only in instances of anything in the nature of a table that 
any foreshortening should be necessary. 

Professor С. W. О. HOWE (communicated): At the top of page 348 
the author makes the following statement : “It may be remarked that 
the equation (3 = 0:01183 ,/kr indicates that a properly-loaded cable, 
in relation to telephonic efficiency, does not follow a “kr” but a 
Jkr” law, and if also follows that the efficiency is inversely propor- 
tional to the length and not to the square of the length." It is not very 
clear what is meant here by telephonic efficiency, nor how it follows 
that the efficiency, however defined, is inversely proportional to {һе 
length. Both the current and the voltage along the line fall 
off according to the exponential expression e-2!, and although gl 
is proportional to the length it is not obvious how the efficiency can be 
shown to be inversely proportional to the length. As the author says, a 
properly loaded cable follows a A/k r law. Is this not also true of an 
improperly loaded cable ? It appears from what has immediately pre- 
ceded this statement that proper loading is that which gives the 
minimum value to [3 ; if, however, the loading have other than the 
theoretically correct value, it will alter the figure 0'01183, but will not 
alter the J/kr. Although not expressly stated, the statement, as it 
stands, might easily lead one to imagine that it was the loading of the 
cable which had, in some mysterious way, lifted it out of the sphere 
of the “kr” law into that of the */kr" law. Now, the “kr” law 
has nothing to do with the question of efficiency, except in tlie special 
sense in which the working speed of а submarine cable may be 
taken as a measure of its commercial efficiency. ‘To make this quite 
clear, let us assume that the cable is quite unloaded so that its 
inductance is negligibly small. If we also neglect the leakage we have 
the case originally solved by Kelvin in his classical researches on the 
subject. Putting L=o, and S=o in the opening formula of 
Appendix X., we get— 


-— FER 
B=V + VP К E=, [ERE | 


Неге in the absolutely unloaded cable we have still the “ Jkr” law. In 
submarine telegraphy, however, we are concerned with the frequency p 
at which we can work, for on this depends the number of words per 
minute, i.e., the earning capacity of the cable. As the value of B is fixed 
by the sensibility of the recorder, the value of p K К is also fixed. 
Hence the frequency f, and therefore the possible speed of working, 
are inversely proportional to K R. We see therefore that this is not a 
matter of proper loading or even of loading at all. 

Turning now to the body of the paper,I find no mention whatever of 
the relative phase-displacement of the various harmonics. Is one right 
in assuming that telephone engincers depend entirely on amplitude ? Is 
the loading employed sufficiently heavy to give any marked improve- 
ment in the phase relations ? May we not find here a possible explana- 
tion of some of the discordant results obtained in the Paris experiments 
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Professor ОЁ Breisig and Devaux-Charbonnel? I should like to ask the author 

Howe for further information as to what constitutes drumminess. The 
references to it both in the paper and in the discussion have been 
very vague. Is the exact cause of the phenomenon fully understood ? 
It appears probable that the best receiver on a shortland line might 
not be the best on a loaded cable. It would be interesting to know 
whether tests have been made with receivers of different inductances, 
and if so, with what result. 

Mr. Jacob. Мг. Е. JacoB (communicated): I would propose the term “spaced 
loadance" in contradistinction to “continuous loadance" to describe 
the addition of self-induction as obtained with coils and continuous 
iron-wire winding respectively. Leakance must be considered as a 
property of a dielectric which is not a function of its insulation resist- 
ance as measured after one or more minutes’ clectrification. The 
results of special measurements at Messrs. Siemens Brothers & Co.'s 
Works made on various dielectrics not only show, as those mentioned 
by Professor Breisig for viscous dielectrics, that S/w K is a constant, the 
value of which is a function only of the material and independent of the 
capacity K, but that it is also independent of the temperature, at any 
rate between o? and 25? C. The actual value of S/K for the core of this 
Channel cable given by direct measurement at 750 (NJ was 114. 

The method proposed by Dr. Thompson of introducing inductance 
parallel with the dielectric displacement current was reintroduced by 
Professor Perry in his recent communication to the Physical Society as 
a “contrivance” to effect improvement in the telephonic transmission, 
but in the subsequent discussion was not favourably received by experts, 
for one reason that such “contrivance” was more adaptable for tuning 
to one particular frequency ; but I would suggest that the most vital 
objection, in the case of a single-core cable, to such proposals is that a 
path is then afforded to the earth currents which would have free access 
to the conductor, while Professor Perry's proposal of the addition of a 
split condenser at each such inductance leak is hardly within the region 
of practical engineering in the present state of submarine cable manufac- 
ture. If Dr. Thompson would furnisha detailed specification of theactual 
electrical values of the “ contrivance” he proposes for his five inductance 
leaks to be introduced in an Atlantic cable, it would be possible to deter- 
mine from actual manufacturing data the dimensions and efficiency of 
such contrivance, as to which we are still in the dark. 

Major Major O'MEARa (in reply): I wish first to thank those gentlemen who 

O'Meara have called attention to various errors, typographical and otherwise, 
and I hope it will be found that the necessary corrections have been 
made in the paper as printed in the journal. In the case of 
Appendix IX.A, some typographical and other errors had crept in, and 
these have made it advisable to reprint the table, which has been done. 
Various speakers have criticised the results of the speech tests made by 
Messrs. Cooper, Duddell, Judd and Kingsbury. Obviously such results 
could not be used as a reliable means of obtaining 6, but they are of 
great interest as representing the opinion of the large body who will 
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use the telephone in actual commercial service. Independent speech 
tests made by skilled members of the Post Office staff gave consistent 
results very near to those predicted for such tests before the cable was 
laid, and these are referred to on pages 324 and 356 of the paper. 
In commercial practice such tests are of great value, and in the hands 
of skilled men are capable of a considerable degree of accuracy. 
The statement that the hew cable would permit communication as 
far as Astrakhan was merely illustrative, and was intended to show 
what length of unloaded line added to the new cable could be spoken 
over in the most perfect conditions of line and with latest types of 
apparatus; in the special conditions assumed, it is correct. Speech 
can be commercially conducted from call offices over a trunk line 
having a 8/ of 48. The Channel cable has a 87 of only 0°332, thus 
leaving 4'468 for land line extensions, and it follows that an unloaded 
8оо-1Ы. loop 1,990 miles long could be added to the cable (under 
perfect conditions) It will, moreover, be seen that this leaves a good 
working margin over the 1,700 miles mentioned. The figures on 
page 340 have given rise to some comment, and it should be explained 
that the electrical constants refer to single wire values. A footnote 
to that effect has been added. As explained on page 320, the table is 
from a foreign source, the only alteration made to it being to convert 
kilometres into knots. 

Professor Fleming asked whether I think the dielectric current to 
which I alluded is a true conduction current. I think it is not, but 
rather a polarisation current. The Department's cables are tested 
with continuous current at 400 to боо volts, and no indication of any 
lcakage has been apparent in connection with such tests. Dr. Gustav 
Benischke * in an article discusses the losses in condensers subjected to 
alternating charges, and refers particularly to the losses of energy in 
the dielectric due to residual charges. I think the principal losses in 
the dielectric of a cable are of a similar nature. Such losses appear to 
vary as the square of the voltage. This seems to explain the observed 
fact that the dielectric losses in unloaded cables are less than in loaded 
cables of the same material. The average voltage in a loaded cable is 
maintained at a higher value than in an unloaded one. On account of 
such losses varying with the square of the voltage, care must be taken 
when making measurements with alternators to keep the impresscd 
voltage down to the order of telephonic currents. 

Mr. Dieselhorst says that some remarks I made at Paris leave the 
impression that difficulties are anticipated in repairing submarine loaded 
cables. I am afraid the remarks I made at Paris have been misunderstood. 
What I had in mind was that when an ordinary unloaded cable is repaired 
it does not matter what length is added when a fault is being removed, 
but in loaded cables difficulties might arise if repeated repairs were 
necessary near the same spot on account of variations in length inter- 
fering with the uniform distribution of the coils, but I did not and do 
not anticipate any serious loss of cable efficiency due to this course. It 

* Elektrotechnische Zeitschrift, vol. 27, p. 693, 1906. 
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must be remembered that in repairing our cables expedition is abso- 
lutely necessary, and cable ships have therefore to carry out repairs to 
times in spite of strong tides and winds. I agree with Mr. Kempe 
as to the satisfactory results of the insulation tests which have been 
made from time to time since the cable was laid, and I concur in 
his anticipation of a long life for the cable. In reply to Mr. Whalley, 
by the courtesy of Messrs. Siemens Bros, I am able to give the 
following explanation of the method of making the joints in the cable. 
“The difficulty is overcome by applying to the cable in the same 
closing machine, a second sheathing of wires -over the first. The 
second sheathing may be laid on the cable only for a short distance on 
each side of the part of larger diameter, and the two sheathings will 
become only one over the last-named part, as the two sets of wires will 
now lie close together in a single layer, the length of lay being prac- 
tically the same as that of the sheathing of the main part of the cable. 
Thus the tensile strength of the cable at the enlarged part will be 
greater than at other parts because of the greater number of sheathing 
wires, and without substantially affecting the pliability of the cable. 
When the first sheathing which has been applied in the usual manner 
approaches the part of the cable of increased diameter, the machine i5 
stopped and the ends of the wires from the auxiliary bobbins are 
drawn through slotted lay plate and the die and laid over the fist 
sheathing. Here they are secured by a wire lapping, and the machine 
being again started a second sheathing is thus applied over the first. 
When the coned end of the enlarged part arrives at the die, the latier 
is exchanged for onc suited for the larger diameter, and as the wires 
are laid over the coned portion, they are gradually made to change 
from a double to a single sheath. ‘The machine must be frequentiy 
stopped to change the die as the diameter increases. At the other end 
of the enlarged part of the cable, the operations just described are 
reversed, and when they have been finished the wires coming fron the 
auxiliary bobbins are cut and wound up on the bobbins until the nex 
enlarged part is drawing near to the machine." 

In further reply to Mr. Whalley, I cannot say what type cf cable 
the French Government proposes to lay, nor when it will be laid. 
The submarine cable is already specially protected at the cable ends, 
and no additional protection is thought to be necessary in England. 
As regards the variation of attenuation with frequency on unloaded 
cables, Mr. Hill’s slide throws some light on the subject. The 
lengths in standard miles of cach of the two cable circuits have been 
worked out and they agree. Mr. Whalley also asks if there is not 
an error in the horizontal line of Fig. 2, and whether it should not be 
either “3” alone or else “miles of equivalent standard cable." The 
description appears to be correct as it stands, i.e, it is the 3/ deduced 
from observations on that type of cable known as “ standard cable.” 

The terminal loss, with speaking apparatus close to the ends of the 
cable, is equivalent to 5 miles of standard cable, but the etfect of the 
long length of land line at each end of the circuit is such that no loss 
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can be observed. Mr. Whalley also asked a number of questions as to 
the various tests, I have already referred to the speech tests, and I 
may add that the confusion which has arisen in the past owing to the 
use of different frequencies in calculation will probably not arise in 
future, as it was agreed at the recent Paris International Conference 
of Telegraph and Telephone Engineers to adopt 800 periods per 
second as representing the average frequency of the human voice. 
The tests made with the machines were very close, but they did not 
agree exactly, as the conditions under which they were made were not 
alike ; for instance, the length in one test was до knots and in the 
other 41:704 knots; this appears to have been overlooked by some 
of the speakers. 

Mr. Siemens has remarked that with regard to the diagram showing 
the repairs to the telephone cables across the Channel, the audience 
might think the repairs had been due to the bad manufacture of the 
cables, and he pointed out that fishermen's anchors were mainly 
responsible. I quite agree. I have had an analysis made of the 
repairs to the two telephone cables shown on the chart, and I find 
that the whole of thefaults on the St. Margaret's to Sangatte cable were 
due to anchor breakages, and that of the faults on the Abbotscliff 
to Gris Nez cable the majority were due to anchor breakages, and 
onc or two to the cable chafing on the rocks. Both cables were brass 
taped. Ithinkthis statement amply bears out Mr. Siemens' contention. 
In the case of the telegraph cable, which is not brass taped, faults have 
been traced to the teredo navalis. 

In reply to Professor Thompson, I may say that we have made 
some experiments on leak loading, but have fiot obtained satisfactory 
results. If Professor Thompson will give some further information 
as to the amount of the inductance and the distances at which the 
coils should be inserted on a given subterranean cable, we should be 
happy to give the system a trial. There are, however, difficulties in 
the way of its application to submarine cables, as considerable trouble 
in localising faults on cables loaded with parallel inductances would 
be experienced, and we have to maintain cables in such a way that 
interruptions are of the shortest possible duration. 

In reply to Mr. Gill, the cable referred to on the first line of 
Table A is the same as that mentioned in Appendix VII., cable E. 
The attenuation constant in Table A was caleulated from the formula 
given in Appendix VIIL, but that in Table VII. is given as it appears 
in the original foreign table from which it is quoted (see page 316 of 
the paper) and the formula used in connection with it cannot be stated. 
Mr. Gill anticipates that if the old Paris cable telephone circuits 
were superimposed an improvement of ro miles of standard cable 
might be anticipated. Experiments on the Belgian cable, however, 
which is 55 miles in length and of exactly the same type as 
the old Paris cables, show that the superimposed or plus circuit is 
not quite so efficient as a direct unloaded pair in the same cable. 

Mr. D. Sinclair anticipates difficulty with testing points on coil- 
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loaded cables. Difficulties were experienced in the earlier stages, but 
these havc now been largely overcome. If all the conductors in a 
cable were loaded, however, the test boxes would not be necessary, as 
the loading coils could be permanently jointed into the cable. Cable 
distribution heads are put in principally to give elasticity to the arrange- 
ments by enabling the number of loaded circuits in a cable to be 
increased from time to time in accordance with the requirements of the 
service. Such elasticity could not be obtained with continuously 
loaded cables. 

In reply to Mr. Tremain, I may say that increased efficiency of long- 
distance telephone circuits, comprising a section of submarine cable, 
can generally be obtained more cheaply by increasing the weight of 
the land line conductors rather than those in the submarine section. 
A submarine line after loading is not so efficient as the same gauge of 
conductor unloaded in a land line. Of course, in cases where the 
utmost possible efficiency in cables is required the case is different, but 
in all cases inductance coils should be used as much as possible to give 
increased efficiency, and the gauge of wire be kept as small as practic- 
able for a given “g.” 

Inreplyto Mr. Davis, it has been experimentally proved that the losses 
given on page 318 and stated to be due to eddy currents in continuously 
loaded cables are really due to that cause. The distortion observed in 
the Channel cable at a periodicity of 1,720 is what could be predicted 
from the known increasé in effective resistance of the loading coils 
at that frequency. 

Mr. Cook apparently assumes that a loaded 400-lb. circuit could 
be used as an equivalent for an S0o-lb. unloaded aerial circuit, 
presumably because experience in America leads to that conclusion. 
After careful investigation, however, it is at least doubtful whether 3 
type of loading sufficiently heavy to give that result could be maintained 
in our humid English atmosphere, particularly as the insulation ct 
loaded heavy-gauge lines is known to be relatively low as compared 
with that of smaller gauge conductors. Possibly, however,a lighter 
type of loading not giving so marked an improvement might give 
satisfactory results. The matter is already under investigation, and this 
remark also applies to the subject of the improvement in communica- 
tion with Ireland. It is a fact that the standard cable value of the two 
Irish cables in series is very high, but, as stated, it was just possible 
for experts to speak through them. 

Mr. Campbell, as representing the National Physical Laboratory, is 
to be heartily thanked for the valuable information he has contributed, 
as are also Sir John Gavey and Mr. R. K. Gray for permitting the 
publication of such valuable matter. The magnetic material “stalloy, 
to which Mr. Mordey drew attention, has not been overlooked in it» 
possible application to continuous loading. Experiments at the Po 
Office, however, have not yielded such high permeability under low 
forces as those shown on Mr. Mordey’s curves. The permeability, fo 
example, of the annealed material for Н = ori at 750 periods per 
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second seems to be 205 instead of 320. The figure 320 refers, it is true, 
to a ballistic test ; but the permeability does not appear to vary very 
greatly between o and 750 periods per second. In the matter of 
hysteresis, too, our tests show that the loss, though small, is by no means 
negligible. A very valuable property of the material at these low 
inductions is its high specific resistance—some four or five times that 
of iron. 

Mr. Mordey did not think that the effect of winding the stalloy on 
the conductor would much decrease its permeability, but that it might 
greatly increase the hysteresis. We have found, on the contrary, that 
the permeability may be almost halved, but that the hysteresis loss for 
a given induction is not much changed. The lowered permeability 
is the effect of permanent yield in the wire rather than of present stress. 

Mr. Granville appears to think that for the same efficiency at the 
same price, an advantage would be gained if the gutta percha in the 
Channel cable were reduced, the copper increased, and then lightly 
loaded so as to obtain wider spacing of the coils; but if the gutta 
percha were reduced and the capacity consequently increased, it would 
be more economical to retain the present gauge of copper, as in that 
case the coils could be so spaced as to involve only a very small 
reduction in the “3” obtained in the present loaded Channel cable. 
There would be no insuperable electrical or mechanical difficulty in 
doing this. The superiority of lightly loaded heavy-gauge conductors 
over those of a less gauge more heavily loaded is not borne out by 
Post Office tests. 

Mr. Cohen expressed the opinion that some 1o per cent. improve- 
ment would have been effected by placing the two loading coils, now 
situated half a knot from the ends, actually at the ends. Such a change 
would, of course, be detrimental to the efficiency of the cable con- 
sidered by itself, so that the improvement contemplated must refer to 
transmission between inland stations. It is not clear, therefore, what 
is the quantity of which 1o per cent. is the suggested improvement. 
But even if this improvement is a reduction of ro per cent. in the 
miles of standard cable equivalent to the submarine cable alone, it is 
not easy to see how so large an effect could be produced. A direct 
objection to the location of coils at the ends of the cable is that speech 
tests between the cable huts would then have been much less instruc- 
live ; for the sending-end impedance of the cable when so arranged 
would be abnormally large, owing to the lumped inductance. The 
advantages to be derived by loading the land lines are fully recognised, 
but certain technical difficulties—chiefly climatic—have yet to be 
overcome before any practical success can be attained. 

With regard to the use of a or В as a symbol for the attenuation- 
constant, the choice of 8 as a symbol is already so firmly fixed, in 
Germany, France, America, and generally in England, that the 
change would be ill-advised, even if it could be brought about ; and 
there is really no advantage to be gained. Even if the complete 
propagation-constant is not “ natural" when written y = 8 + ja, why 
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should it not be written y=ja+ 8; or, yet more alphabetically, 
ja+P=y? In Mr. Cohen's very interesting curves relating attention 
with frequency, he contrasts the horizontal line C, calculated by him 
for a loaded paper-core cable, with the inclined line D, reproduced 
from the last page of my paper, expressing measured values for the 
new Channel cable, and he asks what is wrong with the measure 
ments. As shown on page 355 of the paper, there was no unloaded 
cable between the points at which currents were measured in these 
tests. It was precisely to avoid intermediate unloaded cable that the 
measurements were made at Dover instead of in London. Thereis, 
I think, no need to discredit the measurements on the score of the 
slope of the line. There are two effects of rise of frequency which we 
expect to declare themselves in an accompanying rise of attenuation; 
these аге: (1) the increase of resistance of the loading coils, and (2) 
increase of leakance in the gutta percha. The core loss in the 
loading coils, as shown in Appendix IXa, is represented at 750 
periods per second by a resistance of (6 — 2:25) = 3°75 ohms. lf we 
take this loss as proportional to the square of the frequency, and if 
we take 2 as constant for change of frequency, S/K being 80 at 
w —2m X 750, then the values of the attenuation constant obtained by 


calculation аге as follows :— 


п В. ві 

750 0'0170 0°68 

1,000 .0'0202 o'81 

1,200 0'0231 0'92 

1,500 0'0281 I'I2 

| 1,800 0°0338 1°36 


= — — - M ——ÁÀ ———— ——_- А. e 


These calculated values are plotted in Fig. M, the experimental curve 
being added for comparison. It is seen that the calculated curve 
slopes steeply, and is nowhere excessively divergent from the observed 
curve. In the calculation the capacity has been taken as constant 
and equal to the steady-charge value, whereas it is known that the 
high-frequency capacity is at all frequencies lower than the steady- 
charge value. This element of inaccuracy in the calculation may 
account for the non-coincidence of the two curves. The slope of the 
line D, therefore, in Mr. Cohen's diagram is only to be expected, and 
it is the horizontality of the line C which is surprising. Опе wonders 
whether there has been an omission to allow for the rise, with increase 
of frequency, in the resistance of the loading coils, and in the 
ratio S/K. 
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Mr. Rayner's experiments are very interesting, but I cannot give 
him the information for which he asks. The discussion has, however, 
brought out much valuable information on the subject of leakance. 

In reply to Professor Howe's remarks respecting Mr. Kempe's 
formula 001183 JKR; the difficulty is apparently one of definition. 
In any two sufficiently long loaded telephone circuits with similar 
characteristics we have equality of speech when 8 /= 8, /,, 8 and l 
being the attenuation constant and length of one circuit, and 6, /, those 

B. 1 


of the other circuit; therefore 8 = ү, that is, the lengths of circuit 


giving the same intensities of speech vary inversely as the fs, and 


B 
1:5 
I-O 
“з 
о 500 1,000 1,500 2,000 
Frequency 
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as B = 0:01183 ,/KR the efficiencies of the two circuits vary as their 


JKR. Incidentally the formula $p KR has only a very limited 
application for unloaded telephone circuits, that is, it may be used 
where the ratio of p/ to R is small, but such is only the case with high- 
resistance cables. In telegraph circuits the frequency or speed, of 
course, varies as K R. 

In telephony the amplitude is the principal factor determining the 
efhciency of speech, but in loaded cables clearness of articulation is 
obtained by placing the coils sufficiently near to each other. The fre- 
quency factor ф does not appear in the attenuation formula used for 
loading, so that if it were not for the increase in the effective resistance 
of the coil, frequency would not affect the matter. 

Drumminess is the name given to the characteristic “ drummy " sound 
accompanying speech on cables having a К/К ratio of о'003 or above 
(K being in microfarads and R in ohms). It is largely caused by the 
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unequal attenuation of speech waves of different frequencies and the 
undue preponderance of some particular tone, coupled with the fact 
that the speech waves travcl with different speeds according to their 
frequencies. Commercial receivers are not designed for use on one 
type of circuit alone but for general all-round use, as in telephony it is 
necessary to speak on all classes of circuit with the same apparatus. 
Tests have been made with different types, and those in use appear to 
be well designed for general purposes. 

Referring to the alternator test of the cable described on page 323, 
Mr. Appleyard shows that the attenuation tonstant, as calculated by 


equating the observed current ratio to eis considerably lower than if 
the accurate expression is used, allowing for reflection effects. On the 
assumption that the values of the electrical constants used are abso- 
lutely correct, Mr. Appleyard is right, but it must be borne in mind that 
the values of the several factors employed in the shortened formula 
have not yet been precisely determined. What is definitely known at 
the present stage is that the formula— 


R+R +L JE 
2 L 


can be used to forecast results as determined by speech tests when the 
steady current values of the electrical constants R, L, and K of the 
circuit and the effective resistance R, of the coil areallowed for. Butin 
proceeding to deduce that the cable does not satisfy the specification, 
Mr. Appleyard gives an interpretation to the specification which is 
something of a strain to its spirit, if not to its letter. If a speech test 
is made by skilled observers on the loaded cable, sandwiched between 
some ro miles of standard cable at each end, it is found that the speech 
transmission is somewhat better than when the loaded cable is replaced 
by one-seventh of its length of standard cable, as required by the 
specification. The insertion of the standard cable at each end decreases 
the attenuation due to the loaded cable in just such a practical manner 
as the air-lines may be expected to do; and it.was the terminal loss 
thus removed which was contemplated in the phrase of the specification, | 
* not including terminal losses." 

In reply to Mr. Coote, I may say that the test in which 10 miles of 
standard cable was required as a terminal length to annul reflection 
losses was a speech test. In the case of the alternator test 20 miles of 
standard cable was found to be necessary. There was probably some 
difference of sensitiveness in the two cases. In the calculation of 8, 80 
has been used for the value S/K in the case of gutta percha wires, and 
the agreement obtained in practice is so close as to justify its use—at 
least until more extended experience permits of a more exact figure 
being arrived at. The direct-current value of the capacity was used, 
and this fact has now been made clear in the table. The Italy to Sicily 
cable referred to in slide shown on the screen at the Institution is that 
laid in 1905. 800 periods per second is mentioned in connection with 
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speech tests because the experimental value is mentioned in terms of 
miles of standard cable, and the corresponding [3 of the standard cable 
depends on the frequency assumed. 

In reply to Mr. Shepherd, the formula given in Appendix X. (1) 
refers to single wires. In the Channel cable, owing to the long length 
of aerial line at each end, the terminal loss has small importance. 

The CHAIRMAN : I am glad to see that the Institution is taking such 
great interest in these most interesting problems of telephony. The 
paper has dealt with many matters, but I do not propose to raise any 
questions to-night, except one point that Major O’Meara has mentioned 
in his reply, namely, the connection between the losses in the cable 
considered as a condenser and the factor that has been called leakance. 
These two are connected together, I believe, by a very simple formula, 
which will explain a great many of the discrepancies observed in the 
tests. You can take a short length of cable and measure its power 
factor, as we understand it as engineers, and by multiplying that power 
factor by the capacity per mile and by 2 x times the frequency you will 
find a quantity which, added on to the true leakance of the cable, will 
give the correct attenuation constant which will agree with that 
measured on test. I will now ask you to accord a hearty vote of 
thanks to Major O'Meara for his most interesting paper. 

The resolution of thanks was then put, and carried with acclamation. 


The 
Chairman. 
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Proceedings of the Five Hundred and Fourteenth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held in the Rooms of 
the Institution, Victoria Embankment, London, 
W.C., on Thursday, January 12, 1911—Mr. W. 
DuppELL, F.R.S., Vice-President, in the chair. 


The minutes of the Ordinary General Meeting, held on December 15, 


1910, were taken as read, and confirmed. 


The list of candidates for election into the Institution were taken as 


read, and it was ordered that it should be suspended in the Hall. 


The following list of transfers was announced as having been 


approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 


James Anderson. | Hugh Fred. D. Jacob. 
Edmund John Fox. Archie Kelly. 


Tom Percival Strickland. 
From the class of Associates to that of Members— 


Charles Borthwick Chartres. | Evan Parry. 
George H. van Corbac. Arthur Woolmore Wigram. 


From the class of Students to that of Associate Members— 


Joseph Walter Anson. Hasan С. A. Latif. 
Alfred E. J. Hurst. Middleton Leaviss Peel. 
Edwyn Jervoise. Sriram V. Setti. 

Chas. Richard Kemp. Wm. Blair Smith. 


From the class of Students to that of Associates— 


John Horncastle Eddison. | Thos. Bertram James. 


Messrs. H. Gurney Wood and F. J. Edmonds were appointed 


scrutineers of the ballot for the election of new members, and, at 


the end of the meeting, the following were declared to have been 
duly elected :— 
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ELECTIONS. 


As Associate Members. 


John Stevens Burgis. 
John Edward Grant. 


Thomas Hattersley Haigh. 


Percy Gilbert Hay. 


James Alfred Hunt. 
Edwin Lack. 

W. Forrest Marshall. 
John Wallace Wyles. 


As Students. 


Thomas Harold Andrew. 
Howard Henry Bagnall. 
Edgar Alan Beavis. 
Herbert Cecil Burrowes. 
Frederick Carr. 

P. Varada Chari. 

Ernest John Chawner. 
Shambu Nath Chopra. 
Gowan Conningsby Clark. 
William Edward Clark. 
Lionel Ernest Cooke. 
Herbert Sidney Craig. 
Albert John Dannhorn. 
Josiah Alfred Donald. 
Edgar Thomas Driver. 
Mehemmed Enver. 
Augusto Fertado. 

Henry James Gwyther. 
Charles Levers Hall. 


Leonard Ernest H. Harris. 


Noel Francois S. Hecht. 
George Henderson. 
Cyril James Hews. 
Philip Robert Hughes. 
Harry Humphreys. 
Eric Hutchison. 

Harry Yule V. Jackson. 
Samuel Colver Jarrett. 


Bahadur Mirza Kazalbash. 


Richard Lewis. 

Arthur Lisle. 

Gilbert Kelsey Loveday. 
Leslie Alfred McDougald. 
Ernest Goodeve Mabbs. 
John Bernard Malpass. 


Reginald Robert G. Mann. 
Egerton Lloyd A. Mathias. 
Albert Archibald Maytham. 
Edward Raymond Mecredy. 
Andrew Bell Mein. 

Alfred Wellesley Mifler. 
Dennis Milner. 

Martin James Mitchell. 
Patrick J. Mitchell. 
Ardeshir Kaikobad Modi. 
Francis Lewis Otter. 
Constantine G. Panayotopoulos. 
Harold Edward Park. 
Wilfred! Arthur Perritt. 
Harry Howard Phillips. 
Arthur George Ramsey. 
Arthur Rolfe. 

Jessel Rosen. 

Georg Friedrich R. Schmidt. 
Arthur Mackenzie Searle. 
August Sild. 

Charles Percy Smith. 
Sydney Horace Smith. 
Victor Manuel Soffia. 
Thomas Henry Solomon. 
Henry Douglas Steers. 
Herbert Alexander Stewart. 
Tom Taylor. 

Herbert Michael Theaker. 
James Tudhope. 

Henry Albert Underwood. 
Percy Wardle. 

Godfrey John Websdale. 
James White. 

Sydney Willis. 


Thomas Golding Woolley. 


The discussion on Major W. A. J. O’Meara’s paper was concluded 
(see page 366), and the meeting adjourned at 10.5 p.m. 
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CONTROL OF ELECTRIC WINDING AND 
HOISTING ENGINES. 


By Dr. E. ROSENBERG, Member. 


(Paper received November 11, 1910, read before the MANCHESTER LOCAL 
SECTION on December 6, тото.) 


SUMMARY. 


The paper first discusses in brief the general features of the different 
systems of winding engines, viz., direct-current winding motors with con- 
trolling generator (Ward-Leonard, Ilgner), direct-current winding motors 
with rheostatic control, and alternating-current winding motors with rheo- 
static control. The control apparatus is then described and illustrated. 

The dependence of the motor speed in each of the systems on the load 
and on the controller resistance is discussed. 

A considerable part of the paper is devoted to investigations on the use of 
the motors as electrical brakes, and the conditions of regenerative control, 
braking with counter-current, and braking by supplying current to inde- 
pendent resistance are considered. The effect of speed variation and 
excitation upon the torque is investigated with direct-current motors, and 
with alternating-current motors excited by direct current, and test results are 
given. 

Lastly, the application of the eddy-current brake is mentioned, test results 
of different sizes of eddy-current brake are analysed, and the difference 
between such apparatus with copper and iron armatures is explained. 


Four years ago, in this Institution, three most interesting papers by 
C. B. Sparks,* W. C. Mountain,] and С. Hooghwinkel] were read, 
dealing with electricity in mines in general, and with the question of 
electric winding engines in particular, and these papers, as well as the 
heated discussion following them, brought out all the arguments in 
favour of and against electric main winding engines. By all parties it 
was agreed that hoisting engines may with advantage be driven by 
electricity, but in respect to main winding engines the views as to the 
economic possibility of an electric drive were seriously divided. 

Times have passed, and electric winding has developed at home and 
abroad, and at present there are in Great Britain and the British Colonies 


* Fournal of the Institution of Electrical Engineers, vol. 36, р. 477, 1906. 


t Ibid., р. 499. : 
1 Ibid., p. 506. 
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alone such a great number of winding engines in actual service, or in 
process of erection, that one can safely say that for certain conditions, 
at any rate, electric winding has not only proved economically possible, 
but a distinct economic success. Especially in cases where power can 
be bought cheaply from a public power station, or where the private 
power station can be used to supply either several winding engines, or 
at the same time a great variety of motors with fairly good load factor, 
the advantages of cheap power production by the adoption of large and 
economical working units has more than balanced the necessity of 


FROM SUPPLY 


- 


double conversion of energy. In many cases the electric winder is not ` 
only the cheapest in working, but also the cheapest in first cost, and 
when this most important foundation of economic advantage is estab- 
lished, the user also appreciates the additional amenities provided by 
the excellent technical features of electrical drive, namely, the ease and 
safety of control, the entire absence of jerks, and the perfect regularity 
of drive from full to creeping speed. 

So far, the direct-current motor and the polyphase induction motor 
have generally been used for electric winding engines of large capacity, 
and only these will be considered in the present paper. Single-phase 
commutator motors could be used, but are expensive, and not so efficient 
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as the other motors. Single-phase induction motors present difficulties 
of control, and, therefore, will rarely be used for direct driving of large 
winding engines. 

As far as the control of direct-current and polyphase induction 
motors is concerned, we have mainly to distinguish between rheostatic 
control used for either type of motor, and Ward-Leonard control used 
only for direct-current motors, for which a special controlling generator 
isemployed. The rheostatic control, that is, the starting from a sub- 
stantially constant busbar” voltage by the insertion of a gradually 
decreasing resistance, inserted either in the armature circuit of a direct- 
current motor, or in the rotor circuit of an induction motor, can be 
done either with metallic or liquid resistances. For large motors, and 
nearly always for induction motors, liquid controllers are employed. 
Fig. 1 shows the general principle of an induction motor controller for 
large output. a is the controlling lever used by the driver, acting at 
the same time on the reversing switch D for the stator, and on a sluice- 
gate P limiting the height of the liquid in a tank E, which is fitted with 
three stationary electrodes connected to the rotor slip-rings. The liquid 
is kept in constant circulation by means of a motor-driven circulating 
pump N,and is cooled in the lower part of the tank by means of cooling 
coils T. The circulating speed of the liquid can be regulated by means 
of the valve S. The main motor is, as a rule, wound for high voltage ; 
there is a step-down transformer L inserted for the pump motor M. 

With such an arrangement the driver is not able to cut out the 
rotor resistances too fast. He can fix the position of the sluice-gate 
when starting, but the water-level is onlv gradually raised to this 
position, according to the pump speed and the opening of the regulating 
valve. The solution is used over and over again, and only requires 
occasional replacing of the evaporated water. The cooling water (just 
as in a surface condenser) is not allowed to mix with the solution. A 
photograph of a liquid controller for a r,400-H.P. 3-phase motor is 
given in Fig. 2. Fig. 3 shows the induction motor controlled by this 
apparatus coupled to a winding drum. 

Although the slow-speed motor thus required is more expensive 
than a high-speed motor, and also has a lower power factor, the direct 
coupling is, for large outputs, very often adopted, as these disadvantages 
count for little compared with the advantage of increased efficiency and 
elimination of the mechanical transmission gear, provided the drum 
speed is not too low to permit of a reasonable motor design. 

Ward-Leonard Control requires a special direct-current generator 
either engine driven or, more often, driven by an electric motor supplied 
with current of constant voltage (either alternate current or direct 
current) from general busbars (Fig 3A). The generator part is a direct- 
current generator with separate excitation, which can be changed 
between the limits of zero and a positive and negative maximum. The 
winding motor (Fig. 3B) is externally constant excited, and its armature 
connected to the generator armature without any switches or controller. 
The speed of the winding motor is, therefore, in approximate propor- 
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FIG. 34.—1,200 k.w. Motor generator with Exciter, 420 revs. per minute 
(Peak Load 2,400 k.w.). 
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Fic. 3B.—1,500 Direct-current Winding Motor, 08 revs. per Minute 
(Peak Load 3,000 H.P.). 
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tion to the voltage of the controlling generator, and the direction of 
rotation is directly dependent upon the direction of the exciting 
current of the generator. A small shunt controller gives perfect 
control over the whole machine. | 

Figs. 4 and 5 show this controller drawn to approximately the same 
scale as Fig. 2. If the arm with the contact brushes visible in Fig. 5 is 
in the vertical position (corresponding to the * off" position of the 
driver's lever, see Fig. 4), then the generator is not excited, and a con- 
nection is made in the generator windings which counteracts the 
residual magnetism. By a gradual movement of the contact arm in 
clockwise direction, the generator will be excited, and the generated 
voltage will produce a certain direction of rotation of the winding 
motor. For a movement of the contact lever in counterclockwise 
direction from its neutral position, the generator voltage, and with it 
the rotation of the winding motor will be reversed. The photographs 
show at the top of the shunt-regulator another small controller with a 
handle which is mechanically interlocked with the main lever. This 
small controller represents merely a switch used in case of winding 
intervals of long duration for switching off the excitation of the winding 
motor ; a discharge resistance is fitted to this switch. 

The Ward-Leonard system gives wonderful ease of control, and 
very light and simple controlling apparatus ; the amount of machinery, 
however, is increased, as are the initial costs, and the great advantage 
of practically negligible starting losses is partly counterbalanced by the 
loss of efficiency in the motor-generator. As far as current consump- 
tion is concerned, the Ward-Leonard system will show to great 
advantage if starting and braking periods are of comparatively long 
duration, and winding intervals short, also if trips with reduced speed 
(for instance, for men winding), are of frequent occurrence ; whereas 
the straight rheostatic control will show up best if full-speed runs and 
winding intervals represent a very great portion of the whole working 
time. 

Very often it is considered essential to guard against interruptions 
of the supply, and to provide means which would enable the continua- 
tion of at least one trip. The Ward-Leonard system lends itself very 
nicely to a storage of energy by coupling with the motor-generator a 
flywheel (Ilgner system). This also allows of equalising the demand 
on the power station by providing the motor of the Ilgner set with a 
considerable drop in speed between no load and overload, and thus 
giving the flywheel an opportunity to discharge a part of the stored 
energy when the load grows, and to store energy between the periods 
of work. Instead of the flywheel, a third machine, viz., a direct-current 
generator, can be used, which works in parallel with a storage battery. 

In case of direct-current winding motors working direct from the 
busbars, it is possible to use for such purposes a direct-current motor 
coupled to a flywheel, and fitted either with special field windings, or 
with an automatic shunt rheostat, which, according to the momentary 
requirements, will cause this machine to work either as a motor or as a 
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generator, and so either to store energy in the flywheel or to convert 
the stored energy into electrical energy. An accumulator battery, 
either with or without automatic booster, will serve the same purpose. 

In case of alternating-current winding motors similar ends have 
been achieved by running from the mains a synchronous motor 
coupled to a flywheel, which motor, in case of failure of the line 
current, will act as a generator and feed the winding motor ; or by 
running a rotary converter the direct-current part of which is con- 
nected to a direct-current flywheel motor. In this latter case the 
equalising action of the flywheel during the ordinary service is also 
made use of (Westinghouse Equaliser System). 

The aim of the present paper is mainly to study the electrical con- 
ditions of control, and more particularly the conditions for braking in 
the different systems. We have always to reduce the speed at the end 
of a trip and to bring the winding engine to a standstill, but very often 
we have also to lower unbalanced loads instead of lifting them, and in 
this case the winding motor, if it is to be used at all, has to work asa 
generator converting mechanical energy into electrical. In many cases 
the change from positive to negative motor torque will occur during 
each trip. 

If no tail rope is used, and the load on the up-going cage is just 
balanced by the load on the down-going cage, then the rope weight 
will, in the first half-trip, exercise a positive, and in the second half a 
negative torque, and the winding machine has at first to act as a motor 
and then as a brake. 

Ward-Leonard System.—As long as the speed of the Ward-Leonard 
motor-generator is kept constant, the shunt regulator of the controlling 
direct-current generator determines fully the E.M.F. of the controlling 
machine, and if the winding motor is mechanically driven from out- 
side, the speed of the constantly excited winding motor will attain a 
value which gives an E.M.F. in the winding motor only slightly higber 
than that of the controlling machine, because already a slight difference 
will give rise to a circulating current of sufficient magnitude to balance 
the torque impressed from outside. 

We have to make certain assumptions to determine how much the 
speed of the winding engine will differ for a given position of the con- 
trolling lever, whether the machine is working as a motor lifting a 
certain load or as a generator driven by the lowered load. 

We shall assume at first that the exciting voltage is kept constant, 
and that there is no flywheel and no artificial slip in the motor- 
generator, also that the primary frequency and voltage remain constant. 
The slip of the induction motor driving the controlling dynamo will 
be proportional to the load, and at full load will be at least 2 per cent. 
The controlling machine, which as a rule is fitted with commutating 
poles, might for constant speed have a drop in voltage from no load to 
full load of 5 per cent. of the maximum voltage, and the winding motor 
will have a similar drop in speed, say again 5 per cent., for constant 
voltage on the terminals from no load to full load. That would mean 
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that the difference of the motor speed between no-load torque and full- 
load torque due to all causes combined will be approximately 12 per 
cent. if the induction motor has only 2 per cent. slip. If the wind- 
ing motor has to exercise a negative torque of half the value of 
the normal working torque, the difference in speed will grow to 
18 per cent. 

This difference of 18 per cent. of. the full speed, however, remains 
nearly constant in its absolute value, and therefore grows in proportion 
if the controller lever is put into a position for a low speed. For half 
excitation the lifting speed for normal load will be about 39 per cent. 
of the full (no-load) tee and the lowerjng speed for a load which 
would require half braking torque will be about 56 per cent. of the full 
speed. 

If an Ilgner set with increased slip is used, or if the exciter is 
coupled to the shaft of the motor-generator and its voltage is not 
automatically kept constant, the differences will be even greater. It 
is therefore necessary also in case of Ward-Leonard control to use a 
speed indicator, and not to depend upon a positive relation between 
the position of the control lever and the speed of the winding engine. 
In general, it can be said that the method of braking with the Ward- 
Leonard arrangement is nearly perfect in so far as the movements of 
the controller lever in order to come to rest are pretty nearly the same 
whether the motor is driving or driven, and that a very great braking 
torque can be obtained from the motor. Normal current in the motor 
armature when used as a brake represents more than normal torque on 
the winding drum. If the controller is not too quickly handled, there 
will be no unusual stresses either in the electrical or in the mechanical 
parts, which, of course, in any case have to be built to cope with the 
always occurring reversal of power. 

The calculation of the speed variations possible for certain positions 
of the controller were made under the assumption that current can be 
returned to the linc. If, however, the line voltage fails, be it that a 
circuit breaker comes out or by a similar occurrence, then the state of 
affairs alters considerably. If a flywheel of sufficient capacity is con- 
nected to the motor-generator, the energy supplied by the lowering 
load will speed up the flywheel to a permissible value. If, however, no 
flywheel is applied, then the motor-generator would soon speed up to a 
dangerous limit, and therefore it would be necessary in such a case to 
apply the mechanical brakes practically at the instant that the circuit 
breaker comes out. ` 

In a system which instead of the flywheel uses a third electric 
machine connected to an accumulator battery, the storage of energy 
could, of course, go on, as a battery even if fully charged is always 
capable of receiving energy by being overcharged. 

Rheostalic Control of Direct-current Motors.—We will now investigate 
the case of using the motor as a brake if rheostatic control is em- 
ployed, the motor being supplied with current from general busbars. 
The first case would be that of a direct-current shunt motor fed from 
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direct-current busbars. This case mainly applies to comparatively 
small motors, up to a few hundred horse-powers. The direct-current 
motor can be built for combined series and shunt regulations, viz., 
variable resistances inserted in the armature circuit and a shunt 
regulator in the exciting circuit. This reduces the rheostatic losses in 
starting as the speed regulation effected by the shunt regulator is done 
without loss. For all speeds within the range of shunt regulation 
braking is done most effectively without any additional apparatus, 
because the motor, if its armature is connected to the busbars without 
intermediate resistances, will work as a generator if driven from outside 
and return power to the line. 

For a given position of the shunt regulator (with the series resist- 
ances cut out) the motor when working as a generator and exercising 
half full-load brake torque will develop (under above assumptions) a 
speed approximately 7 per cent. higher than the speed which it would 
develop for the same controller position if it was exercising full 
torque as a motor. It is assumed that the busbar voltage remains 
constant. i 

For other positions of the controller, when resistance is inserted in 
the armature circuit, the conditions are entirely different. First of all, 
the speed of the motor, even when working asa motor, will greatly vary 
according to the load, and a certain controller resistance which for full 
load reduces the motor speed by 20 per cent., will for тоо per cent. 
overload produce approximately 40 per cent. drop, and for no-load no 
appreciable drop. In other words, with resistance inserted in the 
. armature circuit, the E.M.F. impressed upon the motor armature is no 
longer approximately constant but will vary with the load. Working 
as a motor, the E.M.F. of the machine will be considerably smaller 
than the busbar voltage, and working as a generator the machine will 
have to develop considerably greater E.M.F. in order to return power 
through the resistance to the line. Using again our example of 
100 per cent. motor torque and бо per cent. brake torque, a value of 
the series resistance which gives a full-load motor speed of 9o per cent. 
of the no-load speed would allow approximately 105 per cent. generator 
speed ; 80 per cent. motor speed would correspond to rro per cent. 
generator speed ; 50 per cent. motor speed to 125 per cent. generator 
speed ; and a position for creeping speed of the motor, say 5 per cent., 
would allow a generator speed of approximately 148 per cent. A 
position of the controller which allows for the motor before starting, 
less than normal current, would allow a very dangerous speed for thc 
same machine when generating. The above figures represent steadv 
values, assuming that (as in deep shafts) the controller position can be 
maintained long enough to obtain these values. 

These figures make it clear that such controller positions are in 
general not suitable for lowering loads, and that this regenerative 
control will mainly be used with the controller in “full-on” posi- 
tion. It will often be the case that to start the lowering trip 
motoring current has to be sent at first into the motor. But it is 
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essential that the controller lever should soon be pushed to the 
“ full-on” position, and kept there in order that the speed may not 
grow beyond control. 

The regenerative control cannot be used to slow down the motor 
at the end of the trip. For this, either the controller has to be 
moved quickly into the “off” position and the mechanical brake 
applied, or the controller may be quickly moved beyond the 
“off” position and the first steps for the reversed movement used, 
which allow outside current to enter into the motor in such a 
direction as would be needed for lifting the load which is being 
lowered. ` 

In the case of regenerative control the winding machine has to 
generate an E.M.F. in excess of the busbar voltage, and the braking 
current is defined as the difference of generated E.M.F. and busbar 
voltage divided by the controller resistance (including armature resist- 
ance). For reversed controller position (braking with counter-current) 
the E.M.F. of the winding machine acts in the same direction as the 
busbar voltage and the braking current is defined as the sum of both 
voltages divided by the controller resistance. 

Let E be the busbar voltage, and s the no-load speed of the motor, 
and let I, be full-load motor current, and R the resistance of the 
controller (including also the resistance of the armature circuit), and 
let E be the E.M.F. of the motor corresponding to this resistance R 
when the motor is exercising full-load torque, and developing a speed 
n, Also let E, be the E.M.F. of the winding machine acting as a 
generator for the same resistance R and producing a braking current 
` L at a speed n, then we have the following formulae :— 

The braking current— 


= Е + Е, 
К 
Е, =1, К — Е. 
„8.818, 
ES 7 Е 
Е, L.R—E 
n,——— nz n 


During the moment of slowing down the value of the braking 
current I, is not self-defined ; it is clear that according to the time 
we allow for slowing down, the momentary value of the braking current 
will be higher or lower, and that, generally speaking, any value of the 
resistance R (below a certain limit) can be used for stopping, and that 
the stopping period will be the shorter the smaller the applied resist- 
ance R is. 

It will also be seen that the limiting value (R critical) of the 
resistance for slowing down is defined by— 


E 
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if Тм, represents the current in the motor armature which would keep 
static equilibrium to the load torque (including friction). 

Higher values of the resistance give acceleration, lower values 
retardation. If the load is brought to rest by first applying a smaller 
resistance, then the critical resistance position can be used to keep 
the load floating. | 

In case the speed throughout the whole lowering trip has to be kept 
lower than the speed which the motor develops with all the armature 
resistance cut out, for instance, for lowering of men, counter-current 
must be used during the whole trip. 

In general, we want for braking purposes a current which is lower 
than the normal motor current for lifting, for the efficiency of the 
mechanical gear will, of course, necessitate an increase of the motor 
torque above the load torque, and reduce the generator torque under 
the load torque ; whereas, therefore, for lifting the resistance will have 


to be smaller than zm it will be necessary for continuous braking 


lua 


with counter-current to have a resistance larger than г, and for 
stat, 


1, =" the resistance will have to be bigger than = Therefore, 


a metallic controller which is to be used for braking with counter- 
current will have to be made of more than double the resistance of 
an ordinary controller, and a separate portion of the controller must 
be used for braking. 

Regular braking with counter-current is a very safe, but naturally 
wasteful method, as not only is no energy returned to the line, but 
a current from the line is consumed equal to the brake current. The 
energy wasted in the controller represents the sum of the energies 
drawn from the line and generated by the load. Whether this waste 
of energy is objectionable or not depends upon the frequency and 
duration of down trips with unbalanced load. If such trips, for 
instance, occur regularly only once a week for an hour or two, then 
the waste of current during 1 or 2 per cent. of the whole working time 
will not be of much consequence as regards the total working cost of 
the whole apparatus. In other cases with frequent unbalanced down 
trips the waste of current might represent a serious item. 

Rheostatic Control of Induction Motors.—With a polyphase induction 
motor used as a winding motor, the conditions are exactly analogous 
to those of a direct-current shunt motor (without shunt regulator) fed 
from busbars. If the rotor is short-circuited, the machine will, for 
a slight increase in speed, act as an induction generator and return 
power to the line. With the slip-rings directly short-circuited, the 
difference between no-load and full-load speed of the motor would be 
approximately 2 per cent., and the speed of the motor working as a 
generator on half-load would be only approximately 3 per cent. above 
the full-load motor speed. Liquid controllers, however, are seldom 
completely short-circuited, and, therefore, the speed difference might 
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be nearer to 6 or 8 per cent.—just about the same as previously men- 
tioned for shunt motors. 

In order to brake the motor down to lower speeds, counter-current 
is required, and exactly the same relation for the controller resistance 
holds good as that already developed for the shunt motor. Driving 
the motor at over-synchronous speeds with resistance inserted (con- 
troller in lowering position) would here also cause too high a speed to 
be reached. 


So far, we have considered braking methods which do not require 
any additional apparatus, or any connections different from those 
which are made in the normal process of controlling the motors as 
motors. We shall now consider the possibility of braking methods 
with different connections, and also with additional apparatus. 

Direct-current Motor as Dynamic Brake.—We can disconnect the 
armature of a direct-current motor from the line, and connect it either 
to a part of the resistance of the starting controller, or to another 
resistance. If the machine is constantly excited from the busbars, the 
braking torque or braking current will be in direct proportion to the 
speed of the motor, and in inverse proportion to the controller resist- 
ance ; therefore, th order to keep perfect electrical control of a con- 
stant lowering load from the start up to the very end of the trip, it 
would be necessary at first to increase, then to reduce the outside 
resistance gradually in proportion to the desired momentary speed. 
Of course, a constant resistance could be used which would only limit 
the steady speed of the lowering load, and some other means could be 
used to bring the load to rest at the end of the trip. For instance, 
a resistance which in series with the armature would allow full-load 
starting current to be taken from the line, will, when connected across 
the armature, allow a braking current equal to half full-load current 
for approximately half-speed of the machine driven by the load. To 
allow full lowering speed for a brake torque equal to half full-load 
torque, a controller resistance of the double value would be required, 
provided that no regulation in the shunt field of the motor is intended. 

Here we have the same peculiarity as with all other braking 
methods where a resistance in the armature is applied, that an increase 
of this resistance increases the speed of lowering, whereas, for the 
motor working as a motor, an increase of resistance reduces the speed. 
An important fact in connection with this braking method is that for 
a given speed the braking torque is nearly in inverse proportion to the 
controller resistance. For zero resistance the braking torque would 
be enormous for every appreciable speed, and the machine will, there- 
fore, soon come to rest, or only develop a creeping speed. 

Induction Motors with Direct-current Excitation as Dynamic Brakes.* 
—This is entirely different in an induction motor, a part of which is 

е Mr. К. E. Hellmund, Pittsburg, has recently published an interesting article on 
this subject in Elektrotechnik und Maschinenbau, vol. 28, p. 837, 1910, which is 


рагу followed and partly enlarged in the following investigations. The latter ones, 
tor the greater part, had been finished before perusal of Mr. Hellmund's article. 
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excited by direct current (either the rotor or stator) and the other part 
connected to a resistance. As a rule, the stator which is normally 
wound for high-voltage alternating current will be connected to a low- 
voltage direct-current supply and the three slip-rings of the rotor 
connected to a resistance of the corresponding number of phases. 
Such a machine represents an alternating-current generator with 
stationary field, the exciting winding of which is distributed in the 
slots, and with a rotating polyphase armature connected to ohmic 
resistances. The frequency of the generator will of course, vary 
according to the speed, and would be equal to the supply frequency if 
the rotor were rotating at full motor speed. The machine is dis- 
tinguished from ordinary alternating-current generators mainly by the 
fact that the air-gap is exceedingly small, and that, therefore, the 
armature reaction is exceedingly high. If the stator is excited with 
the equivalent value of the full-load stator current and the rotor 
rotating at normal speed and giving a voltage equal to the open circuit 
rotor voltage and a current equal to full-load rotor current, then it will 
be found that the ampere-turns on the stator are only a few per cent. 
in excess of the rotor ampere-turns, whereas, in an ordinary alternating- 
current generator the field ampere-turns are generally twice as much 
as the full-load armature ampere-turns. 

This big armature reaction has a very important bearing on the 
behaviour of the machine, because it is only for comparatively small 
armature reaction that it can be said that at constant speed the torque 
will be in nearly inverse proportion‘to the outside resistance. As soon as 
the armature current exceeds a certain limit a reduction of the outside 
resistance will not only not increase, but even reduce the braking 
torque, because a slight increase in armature current is accompanied 
by a more than proportionate reduction in field strength. With short- 
circuited slip-rings the torque obtainable at higher speeds is very 
small. À 

If direct current is applied to sous a magnetising effect in a 
'3-phase winding there are two arrangements which can be used 
without disarranging the windings :— 


I. To connect one terminal to the negative supply, and the 
remaining two terminals in parallel to the: positive 
supply. 

2. To connect one terminal to the negative supply, the second to 
the positive supply, and leave the third terminal free. 


A different direct-current voltage and current is required in cases 
I and 2, in order to produce the same effect that a certain 3-phase 
current would produce. 

We know that the rotating field in a 3-phase motor can be con- 
sidered to be of constant value at every moment. If we, therefore, 
preserve the instantaneous distribution of the current in the three 
phases by replacing the instantaneous value of the alternating current 
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in every phase, by direct current of the same value, we shall have a 
stationary field of the same value as the previous rotating field. 

In a star-wound machine, with terminal No. 1 connected to the 
negative direct-current supply, terminals Nos. 2 and 3 in parallel 
connected to the positive supply, the current in phase 1 will have the 
double value and opposite direction of the current in phases 2 and 3. 
Whereas, the current in phases 2 and 3 flows from the terminals to the 
star-point (negative direction) it will flow in phase 1 from the star- 
point to the terminals (positive direction). 

This is a picture of just what happens when, in a 3-phase system, 
the current in phase 1 is at the crest of the wave. Let us call the 
measured (root mean square) value of the alternating current in each 
phase C, then the momentary value of the current in phase 1 is r'414 C, 
and of the current in phases 2 and 3,0707 C. It is, therefore, quite 
clear that in this connection the direct current replacing the 3-phase 
excitation will have to be of the value 1°414 C. 

Let us assume a star-wound machine, and connect only two of the 
terminals to the direct-current supply. Then the current in the third 
phase is zero, the current in phases 1 and 2 of the same value but 
opposite direction. This corresponds to the moment in which, in the 
3-phase machine, the current in phase No. 3 goes through zero, 
whereas the current in the two other phases has the values of 


+f . З Сапа -/ i 3c- +1°23 Сапа —r23C. In this connection, 


therefore, the equivalent direct current will be 23 per cent. higher than 
the measured value of the alternating current. 

The watt losses in the first case are, if R represents the resistance 
of one phase :— 


(r414 CP R + 2. (0'707 С)* К = 3 CR, 
and the same in the second case, viz.:— 


2 (1°23 Cy R=3 CR. 


Therefore, the direct-current voltage in cases 1 and 2 applied is in 
inverse proportion to the current. 

Exactly the same holds good for delta connection. There also the 
direct current, if connected only to two terminals, has to be 23 per 
cent. in excess of the measured alternating-current value, whereas, if 
one terminal is connected to the positive, and the two others to the 
negative supply, the value of the current is r'414 C. 

We could excite the stator with a current as above, corresponding 
to the full-load stator current, and could insert in the rotor a resistance 
which would just allow normal rotor current to flow. In this case the 
magnetic conditions would be exactly the same as in an induction 
motor working with full-load current at any moment of the starting 

VoL. 46. 29 
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period, and it is therefore clear that we should have normal torque 
at the circumference of the rotor. There is only the slight difference 
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Fic. 6. FIG. 7. Fic. 8. 


as to the torque on the rotor shaft, that for the motor we have to 
deduct the losses, whereas in the generator we have to add them. 
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The normal full-load brake torque on the shaft can therefore be 
obtained under these conditions with a current which is a few 
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per cent. lower than the above-named value of 1°41C and 123C 
respectively. 

This is not necessarily the greatest torque we can obtain for this 
excitation, as a very simple investigation will show us, based on the 
well-knpwn Rothert diagram for alternators. Assuming the resistance 
to be free from self-induction, we may apply the simple diagram of 
Fig. 6, in which OA represents the total ampere-turns of the stator, 
AB the demagnetising ampere-turns of the rotor, and OB the 
resultant ampere-turns which are responsible for producing the real 
field (effective field + ineffective leakage field) In Fig. 6 it is 
assumed that the resistance inserted in the rotor is comparatively 
large, and therefore AB comparatively small, and O B great. In 
Figs. 7 and 8 tbe outside resistance is gradually decreased, and there- 
fore also the resultant field O, B, and O,B, The points B as points 
of a right-angled triangle are all to be found in circles over O A as 
diameter. 

If the saturation is low, we can say that the resultant field will be in 
proportion to the resultant ampere-turns О В. And as the torque is 
proportional both to armature current A B and resultant field O B, it 
can be represented by the area of the right-angled triangle O A B. 
Therefore, clearly, the maximum torque would be obtained for a value 
А, B, = О, B, 207707 О, A, (see Fig. 7). 

Suppose we had a motor which, normally at full load is working at 
a power factor 0°8, i.e., with approximately 80 per cent. current in the 
rotor, and 60 per cent. wattless current (no-load magnetising current 
and additional magnetising current for leakage). If we imitate these 
conditions in the motor used as brake, the torque will not be as high 
as if we reduce the rotor current from 80 per cent. to approximately 
71 per cent. These latter conditions will give a torque about 4 per 
cent. higher than in the first case. 

For a motor with o’9 power factor, the maximum obtainable torque 
as a brake could be increased by nearly 25 per cent. if the field had 
such a low saturation that it was capable of бо per cent. increase in 
value with corresponding increase in field ampere-turns. 

In weakly saturated machines the E.M.F. in the armature will be 
proportional to О B and proportional to the speed of the armature—or, 
in other words, to the frequency of the rotor current. As the total 
resistance of the armature current (outside resistance plus internal 
resistance of armature and contact resistance of slip-rings) is repre- 
sented by the quotient of voltage and current, we find that the 
tangent of the angle OA B, multiplied by the speed, represents the 
resistance. 

Our diagram is correct for all frequencies, as a given value of the 
stator and rotor current determine the resultant ampere-turns, and 
therefore the resultant field. We can, therefore, get the same maximum 
torque at any speed so long as we change the resistance in the rotor 
circuit in strict proportion to the speed. 

The general character of the speed-torque-curve or of the resistance- 
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torque-curve for a given excitation is easily determined. | Assuming а 

weakly saturated machine we have, with reference to Fig. 6— 
Torque ... T2 K.OB.AB- K.O A’ sin A cos A, 

K being a constant. 


А OB. 
Resistance R= K, . n.B” K, ”.ig.À, 


K, being another constant, and л representing revolutions per minute. 


— R ` 
JR? + п. K? 
n Ky __ 
ЛЕ +n’ Ke 
R n K, 
R? + w. KE 


sin А = 


cos. À = 


T —K.OA*. 


This again can be represented either as— 


R 
T = K.O A? E 
(=) +1 
or— 
n K, 
T—K.0A:, К 


n K,\? 
r+ Cx) 
Fig. 9 shows, therefore, at the same time how the torque varies for 
a variable resistance if the speed is kept constant, or for a variable 
speed if the resistance is kept constant. 

The Figs. то, 11, and 12 show test results on a 30-H.P. Soo-volt 
25-period slip-ring motor for different excitations, and they show near 
enough the same general appearance as the theoretical curve of Fig. 9. 
In every figure three curves are drawn representing torque and three 
curves representing rotor current. The full drawn line A corresponds 
to direct-current excitation in the stator of 50 amperes (one terminal 
connected to positive, the two others in parallel to negative). The 
dotted B and chain dotted C curves correspond to excitations of 36 
and 25 amperes respectively. 

The motor would give with a 3-phase current of 500 volts, 
36 amperes, a torque of 225 ft.-lbs. at 705 revs. per minute with a 
rotor resistance as shown in Fig. 1o, and the rotor current would 
be equal to 52 amperes. The resistance per phase in Fig. 10 is 
approximately o3 ohm ; in Fig. 11 approximately o:6 ohm ; in Fig. 12 
approximately 1 ohm. 

As long as we work with small direct-current excitation, which 
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could not saturate the field, the torque for a given speed and resist- 
ance will be in proportion to the square of the direct-current exciting 
current, because the field OB as well as the armature current BA 
(Fig. 6) are in proportion to the primary current О А. When, however, 
OA is far above the value which could give a saturated ficld, then we 
have only to consider the variation of armature current A B for the 
maximum torque, because the field no longer increases with increasing 
ampere-turns. The fact that for constant resistance the speed at whicli 
the maximum torque is obtained (Figs. 10 to 12) is slightly increased with 
increased excitation, is also caused by the limits of saturation. With 
high exciting current the resultant field does not grow in proportion 
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to the resulting ampere-turns, and therefore the maximum torque is 
reached with a comparatively higher rotor current. The curve repre- 
senting the maximum torque dependent on the direct-current excita- 
tion is at first nearly a parabola (Fig. 13) which gradually approaches 
a straight line. 

We see that the relation between torque and direct-current excita- 
tion is a simple one, as the torque always increases with increased 
excitation, whatever the momentary frequency may be, whereas the 
relation between torque and resistance is a very complex one. For 
a decrease of resistance the torque might be increased or decreased, 
dependent upon the momentary speed. Therefore, it would not be 
very safe to use the variable resistance of the starting controller for 
braking purposes, as the driver might easily overshoot the mark in 
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trying to make the brake more effective, and then he would not 
be able to stop the load. It would, however, be possible to change 
the resistance automatically in proportion to the frequency of the rotor 
currents.* 

For a constant excitation and a constant resistance in the armature 
there always exists, as the figures show, a critical speed up to which 
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the torque increases and after which the torque goes down with 
increased speed. If we make the exciting current and the resistance 
high enough, we can easily ensure that the brake torque wanted is well 
below the obtainable maximum torque, and that the speed wanted is 
well below the critical speed ; say, for instance, like M in Fig. 14. 
In this case the machine when started and driven by the load, the 
rotor connected to the resistance will attain a speed which is repre- 


* Patent applied for. 
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sented by the abscissa of the point M in Fig. 14. The load can 
be lowered with the certainty that the speed will not be exceeded. 
For stopping, mechanical brakes would be applied. 

If the motor is allowed to come to rest with full direct-current 
excitation on the stator, then, of course, no demagnetising effect of the 
armature can exist, and the enormous number of ampere-turns will 
create the strongest possible field in the motor. This must be care 
fully considered in dimensioning the mechanical parts of the motor, 
for any dissymmetry in the air-gap may produce a very heavy un- 
balanced pull, and the air-gap of an induction motor being necessarily 
small, there would be in large slow-speed motors the danger of the 
rotor pulling over before coming to rest. 

This kind of brake requires a supply of direct current, which will 
necessitate in many cases the use of a small special motor-gencrator. 


BroKe Torque 


Sbeed 
Ес. 14. 


If it is required, in cases of the supply failing, to lower the load 
without being dependent on the mechanical brakes alone, it will 
also be necessary either to use a flywheel for the motor-generator or 
a small accumulator. 

In general the curves, representing the relation between torque and 
speed, have a similar shape to the curves representing the relation 
between torque and slip in an induction motor working as a motor. 
There is only a gradual difference, because the curves of the molor 
are, as a rule, taken for constant alternating voltage on the stator 
winding, and therefore the stator current increases with increased 
rotor current. The reduction of the field is mainly due to the leakage. 
Here, on the other hand, the stator current is kept constant, and 
therefore, as soon as the rotor current grows above certain limits, the 
value of the resultant field diminishes rapidly. 

We can say that for full-load direct-current excitation, the resultant 
field at a speed far below the critical speed is much stronger, and at 4 
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speed above the critical speed, much weaker than that of an alternating- 
current motor working as such. 

Eddy-current Brake.—Using the motor itself as a brake with direct- 
current excitation renders it impossible to use, at the same time, the 
combined effort of the brake and the motor, say, working with 
counter-current, and it requires some special switching arrangement 
for stator as well as rotor. The stator winding must be connected to 
a controller which allows three different connections : (1) Alternating 
busbars, forward movement ; (2) alternating busbars, backward move- 
ment ; (3) direct-current busbars for braking. Also for the rotor, if 
ordinarily a liquid starter is used for motoring, a switching arrange- 
ment will be necessary to throw a metallic braking resistance on to the 
slip-rings. 

It is sometimes desirable to provide a special electric brake in- 
dependent of the motor, just as it is usual in tramcars to provide, 
besides the motor which can be used either with counter-current or 
as a dynamic brake, also other brakes energised by electric current. 

The eddy-current brake has often been used as a testing instrument 
to determine the output of motors and engines. It has been used also 
for electric cranes to allow of very soft and smooth working. Its 
application for very large winding engines, which are required under 
certain circumstances to lower unbalanced loads consisting of men for 
several hours at a reduced speed, which should never be exceeded for 
safety purposes, was first (as far as my knowledge goes) recommended 
by Mr. G. K. Chambers in Johannesburg, and very large apparatus of 
this description is now under construction. 

Smaller forms of eddy-current brakes, fitted with copper discs and 
used for the testing of smaller motors, have been described by various 
authors, for instance, in a very complete essay by Morris and Lister.* 
Eddy-current brakes with iron armatures have been made by Ricter 
and Dettmar, who also used such a brake consisting of a simple magnet 
acting on the rim of a flywheel in order to produce artificial load 
on gas engines to facilitate the paralleling of alternators to bus- 
bars. 

From thetest curves published for eddy-current brakes with copper 
discs, and from experiments made by myself on eddy-current brakes 
with cast-iron armatures,] I believe that an essential difference exists 
between the two. In the brakes as described by Morris and Lister, at 
first for constant excitation, the torque increases with the speed, but 
falls after a critical speed is reached. The diagrams have the same 
shape as Figs. 9 to 12 of tbis paper, and this is not astonishing, for an 
eddy-current brake with a copper winding on a steel armature repre- 
sents the same problem as the alternating-current motor with direct- 
current excitation on the stator. 

An eddy-current brake like this, used for winding engines, would 


* Journal of the Institution of Electrical Engineers, vol. 35, р. 445, 1905. 

t Morris and Lister, Fournal of the Institution of Electrical Engineers, vol. 35, 
р. 445, 1905 ; also Feussner, Elektrolechnische Zeitschrift, vol, 22, p. 608, 19or. 

t Zeitschrift für Elektrotechnik, vol. 20, p. 353, 1901. 
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have very serious disadvantages, at least, if the critical speed could not 
be shifted to a very high value. Morris and Lister’s curve now shows 
the critical speed of their particular brake already at a speed corre- 
sponding to a frequency of approximately 35 to 40 cycles per second 
(8-pole brake approximately 500 to 600 revs. per minute). 

In my article of 1902, mentioned above, I have already stated that 
with eddy-current brakes with cast-iron armature I was never able to 
find a reduction in torque with increase in speed, but, on the contrary, 
a steady increase. The power absorbed by the brake increases at first 
nearly in proportion to the square of the speed, and even with high 


TIERS ШИШЕСТ 
ШЕШШ = 
ME | 


1760 
ot 


» 
о 


| fool radius 
P" 
E 
Ж 
V 


in Ibs af 
© O0 m» 3 


TRENGTE 
TH 


© — 
2 m 
t 
Р he 
M BESE 
E BEC C 
MA ШЕЕ > 
о 
о 20 40 eo во 1090 120 - 140 
Cycles ber second 
FIG. 15. 


frequencies it is still more than proportional to the speed, cven up toa 
frequency of the brake armature current as high as 130 cycles per 
second (field of 12 poles, speed 1,300 revs. per minute). Fig. 15 shows 
the steadily increasing torque for two different exciting currents. 

Also in apparatus built more recently, I have always found this 
experience confirmed, and since for practical use this quality is of the 
greatest importance, the eddy-current brakes to be used in connection 
with winding engines were inade with cast-iron armatures. 

The cast-iron armature has, besides great simplicity, rigidity and 
cheapness, the advantage that the specific resistance of the material 1s 
approximately 40 times greater than that of warm copper. As, how- 
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ever, in eddy-current brakes, the section of the cast iron is very much 
greater than the aggregate section of copper windings used in arma- 
tures, the different behaviour of the brakes cannot be explained by 
the increased specific resistance only. My explanation is, that the 
virtual resistance of the cast-iron armature cannot be considered as a 
constant value, but that it increases with increased periodicity. 

The cast-iron armature represents the armature of an alternator with 
an infinite number of phases, each one short-circuited in itself, although 
not of negligible resistance. We can assume, however, with certainty 
that starting from a comparatively low speed the armature ampere- 
turns will be, just as in Fig. 8, not very different from the primary field 
ampere-turns, and therefore the total number of ampere-turns cannot 
increase much with increasing speed. This, therefore, could not 
account for the observed increase in absorbed power. The power 
absorbed is made up of three components: friction and windage, 
which are practically negligible; the C?R losses of the eddy currents, 
and the hysteresis losses of the cast-iron armature. In an ordinary, 
short-circuited armature the hysteresis losses would be reduced with 
increased speed, for although the periodicity is increased, the resultant 
field falls more than in inverse proportion. In an ordinary short- 
circuited armature with defined path for the current, the CR losses 
also do not rise appreciably after a certain speed is reached. Here, 
however, I believe that for low speeds the flux penetrates the whole 
depth of the cast-iron armature, and that with increased speed, and 
therefore increased voltage per inch axial length, the current density 
near the surface increases, and that this surface current opposed to the 
primary flux shields the deeper parts of the armature, so that fewer and 
fewer lines of force penetrate and the currents crowd more and more 
on the skin of the armature. Therefore, with increasing periodicity, the 
resistance of the eddy-current path increases, and this also has the 
effect that the resultant flux does not tend to fall off, since in order to 
maintain the current with the increased resistance, a Жепет Е.М.Е. іѕ 
required. Of course, owing to the crowding of the magnetic lines on 
the surface, the hysteresis will be increased if the total flux is not 
reduced with increased speed, for considering that hysteresis is not 
simply proportional to the induction, but to its 1°6th power, every 
uneven distribution of the induction must needs have the effect of 
increasing the hysteresis, and also, of course, the increase in frequency 
means increased losses. But in general, І do not believe that the 
hysteresis losses are the most important even at high frequencies. 

If we assume that windage and hysteresis losses can be neglected, 
then the observed fact that not only the absorbed power, but even the 
torque increases with increased frequency, would give us a basis for 
our theory already expressed above. 


I. The volume of current in the armature remaining practically 
constant above a certain speed, there is no other explanation 
for the increased power consumption than the increase in 
apparent resistance. 
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2. The volume of current remaining practically constant, there is 
no other explanation for the increased torque than an increase 
of working flux, and not a decrease as usual. 


Assuming that the eddy currents are only skin deep (the word 
* skin" taken in a very wide sense), I figured out, from test observations 
on different apparatus, built during the last ten years, the depth of the 
working skin. The calculation is a bit rough, but it will be sufficient 
for the comparison of different apparatus, and also for calculating the 
performance of newly designed apparatus. 

I assume that, under cach pole, currents will flow, the aggregate of 
which is nearly equal to the ampere-turns of the said pole. Considering 
that the field winding is a coil winding, each turn surrounding the whole 
pole, whereas the armature currents are distributed on the surface, the 
latter would have to represent a bigger aggregate if their value werc 
allowed to grow till they completely neutralised the field ampere-turns. 
If, therefore, we accept them as equal, the error will not be very great. 
We assume that they are confined to a part of the surface equal to the 
peripheral dimension of the pole plus a certain fringe. The currents 
will change their direction before they reach the centre of the pole, 
because the cross-magnetising component of the armature reaction 
reverses the polarity of the leading pole-tip. That is to say, a pole 
which by its field coil is so excited that with stationary armature it 
represents a north pole, with an average value of, say, 10,000 C.G.S. 
lines per square centimetre, will, with the eddy-current brake rotating, 
show south magnetism in the leading pole-tip, north magnetism in the 
greater part of the pole. The average value will perhaps be 2,000 lines 
of north magnetism. 

If we assume that the armature of thc eddy-current brake is wider 
than the field poles, the distribution of the currents will be similar to 
that in Fig. 16—that is, we shall have currents flowing similar to those 
in a proper siggle-phase drum winding with concentric end connections. 
If the armature is not wider than the pole-shoes, we can imagine that 
the end connections are bent down, and that the current flows at the 
front end of the rim from one part of the path to the other. We may 
approximate for our calculation the average length L of the current 
path. If we now call R the resistance of the skin, viz., of a straight 
current conductor of a width b, an unknown depth x, and a length L, 
and if we, in order to simplify calculations, assume that the number oí 
ampere wires are equally distributed along the width b, and represent 
in toto 2ni ampere wires (ni being the number of ampere-turns per 
pole), and if it be observed that for the whole brake with 2 f poles ће 
power consumption in watts after deduction of losses for friction and 
windage is W, then we have the simple equation— 


CR = Ww 
2p 
(2nip х R= v, 


2ф 
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and this will give for the observed values of excitation and frequency 
the depth x of the current-carrying skin. 

The eddy-current brakes as used in connection with large hoisting 
engines are able to deal with continuous service, that is to say, with 
continuous trips of unbalanced loads of men or material from the 
surface to the bottom of the pit, and it is possible to regulate the speed 
without use of the mechanical brake down to a very low value. The 
field is excited from direct-current busbars which are fed by a motor- 
generator and on which a storage battery is floating ; therefore the 
brake is also available in case of failure of the main supply current, and 
in such cases the excitation is switched in automatically. 

The eddy-current brake in another form can be used to make the 
Ward-Leonard braking method also available if the Ward-Leonard 
motor-generator or the engine driving such generator has a com- 
paratively small flywhecl which for lowering of the load during a long 
trip would speed up dangerously. In such cases it will be sufficient to 
fit a stationary pole of small dimensions opposite the flywbeel rim and 


| 
S N 
l | 
i i 
© Ф Ф | © 
і і 
®@ ®@ 28800000006 6000000000000 
| і 
Fic. 16. 


so induce eddy currents іп the flywheel which consume the power 
supplied into the flywheel set. 

I have confined myself in this paper to merely one question in the 
great chapter of electric winding engines which represents now, and 
will represent more with every coming day, one of the most important 
chapters of the application of electrical power for industrial purposes. 

It would be futile to ask which of the systems described is the best 
system of electric control. The answer might be in favour of any one 
of the systems according to the circumstances of the case. In one case, 
the greatest importance might be attributed to the lowest possible 
power consumption, and if the starting periods and the braking periods 
and the periods of trips with reduced speed are of long duration, the 
Ward-Leonard system might prove the most efficient one. With 
different starting and running conditions the simple alternating-current 
motor system might be the most efficient in power consumption, and in 
other cases it might be preferred on account of its lower initial costs, 
even if, owing to the given conditions, the power consumption for the 
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shaft-horse-power works out higher. The power consumption will be 
of greater importance the higher the price of the kilowatt-hour in the 
particular case, and will, therefore, depend upon the local price of fuel 
and labour. As to the question whether the current Consumption or 
the capital expenditure should be kept low, it will prove a decisive 
factor whether the shaft in question is intended to be worked for 
many years, or whether the working will cease presumably after a 
few years’ time. 

If power is taken from a supply company, the selection of the 
system, and the question whether equalising apparatus should or 
should not be used will greatly depend upon the method of charging 
for the current consumption. If current is charged on a flat-rate basis, 
an equaliser would, in general, be out of place, because it not only 
increases the initial costs, but also, owing to the inevitable losses, the 
total current consumption. А charge on the maximum demand system, 
on the other hand, will turn the balance in favour of equaliser systems. 
The question also whether any inducement is offered to the power con- 
sumer for a good power factor might turn the balance in a given case 
from the direct-coupled slow-speed alternating-current winding motor 
to the Ward-Leonard system with high-speed motor-generator. Safety 
apparatus which, in one case, due to the local conditions and regularity 
of the supply, would seem an unnecessary luxury, will be of vital 
importance in other cases. 

So each of the systems has its own merits which will call it to the 
front according to the circumstances of the case. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION. 


Mr. J. S. PEcK: The subject of the braking of induction motors is 
of special interest. At first sight it would appear that by exciting the 
primary of an induction motor with direct current so as to turn it into 
an alternating-current generator, and by varying the resistance in the 
secondary circuit we could obtain almost any desired braking effect. 
But the author points out the difficulties in changing the connections, . 
the magnetic stresses between stator and rotor, and, most serious of all, 
the fact that for each speed a certain definite secondary resistance is 
required for maximum braking effcct. On account of this last feature 
it would always be difficult for the driver to know whether he should 
increase or decrease the secondary resistance in order to reduce the 
motor speed. Consequently there would be danger of the motor 
reaching an excessive speed, with perhaps serious consequences. It 
is to be hoped, however, that the scheme hinted at by the author 
for indicating or fixing automatically the proper-resistance for any 
speed may be developed further. With the usual alternating-current 
winding engine two methods of braking are available : (1) mechanically 
by means of the brake blocks, and (2) electrically by means of counter 
current. Also in lowering it is possible to Jet the motor run above 
synchronism, and so return power to the line ; but this method is not 
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available for lowering at slow speed or for stopping the motor. Where 
the motor is used as a generator by exciting the stator with direct 
current it is, of course, not possible to brake with counter current 
while the motor is generating, which is an objection to that method. 
With the eddy-current brake, or with any other type of external brake, 
such as a water brake, it is possible to use the mechanical brake, 
counter current, and the external brake simultaneously. Also, the 
external brake gives a highly satisfactory method of lowering at 
reduced speed. Although an eddy-current brake for a large slow- 
speed motor is an expensive machine, and the inertia of its rotating 
part adds appreciably to the power required for acceleration and 
retardation, there seems to be a demand for it, and under certain 
circumstances its use is quite justifiable. 

Mr. W. Cramp: The subject dealt with by the author is one which 
is bound to come up more and more often as the electrical industry 
advances, but as only specialists are really capable of criticising the 
paper, I must be content to ask the author for some explanation of 
points that do not seem clear. On page 431 Dr. Rosenberg refers to 
commutator motors as being less efficient than other motors. Yet 
to obtain the effect of braking he does not hesitate to recommend the 
provision of a special rotary converter with a commutator. It is per- 
fectly true, of course, that commutators cause trouble, but surely it is 
as reasonable to have the commutator on the motor as to introduce 
a special rotary converter in order to produce braking current. It 
seems to me that if the commutator is the only objection, then it is one 
that fails in view of the fact that it is common to most of the other 
systems that the author has mentioned. For the purposes discussed in 
this paper there is the possibility of employing a system which Dr. 
Rosenberg has not mentioned. I should like to suggest to him the use 
of an induction motor with a variable number of poles. The only 
objection to the use of the induction motor as a brake is that without 
counter current it is only useful for speeds a little over synchronism ; 
but if it were so arranged as to have the number of poles changed it 
might be used as a brake down to the speed corresponding to the 
largest possible number of poles ; or suppose the actual winding of the 
motor were arranged so that it could be connected in cascade like 
the Hunt motor, would not this enable perfect control to be obtained 
when running as a motor, with a very wide range of regenerative 
braking? It seems to me that this ought to be possible up to a reason- 
able number of poles. Later on in the paper, Dr. Rosenberg refers to 
the shunt motor as being the only type of direct-current machine suit- 
able for this sort of work. I would like to know why the compound 
motor should not be used, and whether it is not possible to cut out the 
shunt and use the motor as a series generator for braking purposes, 
very much as with ordinary tramcars? Оп page 440 аге given two 
methods of producing a field from a 3-phase winding by means of 
continuous current. I would like to suggest that a third method is 
possible—viz., by exciting one phase only. On pages 441 and 442 the 
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author goes a little further into the very interesting method of braking 
by supplying the stator of an induction motor with continuous current. 
It may interest him to hear that before the British Association in 1904 a 
paper was read by W. Cramp,* in which a method was given of testing 
an induction motor excited by continuous current and driven by 
another machine at a speed corresponding to that of slip. This set 
of conditions is almost similar to that which the author makes use of in 
his brake. Again, in connection with the same problem he has referred 
to the very small value of the power which would be required for 
exciting the field of induction motors, and suggests that a rotary 


` converter be used to produce the exciting current. Suppose that a 


rotary converter is not adopted, but that the exciter circuit of the main 
alternators be used for this purpose, the ordinary exciting pressure for 
such alternators is probably бо, 80, or тоо volts. The energy that 
would then be wasted in exciting the motor would be far from small, 
for though the potential difference across the stator itself might be 
small, a large resistance would have to be used with it, so that the 
energy lost in the resistance would be very considerable. The author 
also says on page 444: “ As long as we work with small direct-current 
excitation, which could not saturate the field, the torque for a given 
speed and resistance will be in proportion to the square of the direct- 
current exciting current." That statement is not quite true, I think. 
It neglects armature reaction. The method mentioned on page 449 of 
using a cast-iron eddy-current brake seems to me extremely interesting. 
It is a little puzzling to understand why the torque should constantly 
increase with increasing speed. It would seem that Dr. Rosenberg's 
explanation is the right one, for if the resistance of the mean path of 
the current be only a little increased the effect is large. There is, in 
fact, a threefold result. First, the current is prevented from rising, so 
that the induced ampere-turns do not change much. Secondly, the 
relative phase of these ampere-turns with respect to the inducing field 
is changed so as to minimise their reactive effect ; and thirdly, this 
very phase-change will tend to increase the required torque. Indeed, 
it is plainly possible to calculate what change in the resistance of the 
path of these currents must have taken place to account for the result 
observed. 

Mr. J. FRITH : I shall confine my remarks to the question of саду. 
current brakes, as I have had some experience with these. I have 
used the form with an external iron wheel and an alternator field for. 
ordinary test work to absorb the load of motors, and find it a very 
convenient and flexible appliance. I, too, have found that the torque 
increases with the speed. I take it that the path of the eddy currents 
is so undefined that their armature reaction on the field magnets is 
only very slight. To direct the eddy currents I have tried slotting the 
iron and putting in a copper squirrel-cage winding in good electrical 
contact throughout with the iron, but have had better results frpm 
employing the copper end-rings only without the axial bars; these 

* “Report of the British Association, 1904, p. 687 
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latter seem to offer an inducement to the eddies to travel right across 
the face of the brake. I have used this method of braking small 
induction motors, using one phase in series with the other two in 
parallel to carry the direct current. Of course the difficulty is that the 
effect decreases as the motor is brought to rest. 

Mr. S. J. Watson: I have been thinking what the effect would be 
on a generating station supposing there were about a dozen collieries 
connected up without any equalising load arrangement, and that they 
all got into synchronism. I understand that each would have a maxi- 
mum load of about 1,500 k.w., so that if they happened to get into step 
there would be “ peaks" of 18,000 k.w., and the complete cycle of no- 
load to 18,000 k.w. would occupy about 14 minutes. It would be a 
splendid method of testing governors to see whether the regulations of 
the Board of Trade in regard to frequency could be complied with ; 
and as the variation in load would undoubtedly be accompanied by a 
considerable charge in the power factor, the voltage regulating of the 
alternators would also be well tested. 

Mr. T. FERGUSON : It is most important to consider carefully the 
subject of safe and efficient braking methods before giving preference 
to any one system of control for a given electric winding proposition. 
Engineers, when passing from steam to electric winding, sometimes 
neglect to give due consideration to the braking features of the 
problem, and concentrate it rather on the load-lifting features. The 
latter might, it is true, be the dominating factor in steam-winding 
propositions, but it is not necessarily so in electric winding—in fact, 
the final choice oí the system of electric control might conceivably be 
determined by the question of efficient and safe breaking when lower- 
ng loads. When considering the various available systems of braking 
treated by Dr. Rosenberg in his paper, the most obvious method, and 
one which would appeal to the steam user, would be braking by 
counter current, although it might not be a good commercial propo- 
sition when lowering loads for a considerable time. In this case the 
Ward-Leonard system might be preferable. The ideal arrangement 
would be to have a separate winding plant for lowering and raising 
men into and out of the mine ; but as a rule it would not be practic- 
able to provide such a plant. I have recently come across a proposi- 
tion for installing in the up-cast or ventilation shaft of the mine a hoist 
for men, but have not heard that it has been adopted, and there 
certainly might be some consequent inconvenience. Of course, the 
cage has to be made a cage in every sense of the word, the top and 
bottom being made of grids or bars so as to prevent obstruction to the 
ventilation. In considering the eddy-current brake for lowering loads, 
it must be granted that it offers considerable safety and ease of manipu- 
lation. For example, if a tail or balance rope is used between the 
cages, and the static torque thus made uniform throughout the wind, 
it is an easy matter to switch on the exciting current to the eddy- 
current brake and leave it on, and then simply operate the main control 
lever in a natural manner, starting the load downwards, if necessary, 

VoL. 40. 80 


Mr. Frith. 


Mr, Watson. 


Mr. 
Ferguson. 


Мт. 
Ferguson. 


r. 
Mallinson. 


Mr. 
Stevenson. 


Mr. Shaw. 


458 ROSENBERG: CONTROL OF ELECTRIC (Dec. 6th, 


by a short application of current, then bringing the control lever back 
to the off position, when the load will descend at a uniform rate under 
the action of the eddy-current brake; then, finally, pulling the control 
lever backwards so as to apply counter current and thus bring the load 
to rest. 

Mr. A. B. MALLINSON : I consider that colliery people will be rather 
apt to condemn large eddy-current brakes. When electric power is 
considered for winding deep shafts, one of the first requirements is 
that power must be returned to the line wherever possible. The 
electric winders which I have seen in operation so far in this country 
are merely toys in comparison with what is daily being done by the 
high-class steam winders at the Powell Duffryn and other large pits. 
When electric winders of similar duty are put to work, I think the 
losses between winds (due to the running flywheel set) would be so 
reduced that direct-current winders with a flywheel converter would 
show an overall efficiency better than would be obtained with alternat- 
ing-current winding equipments. I would ask Dr. Rosenberg whether 
he has come across any case where power is actually returned to an 
outside supply company's mains when braking the motor dynami- 
cally. 

Mr. А. Е. STEVENSON : Referring to a question by Mr. Mallinson, I 
have known of a case in which power was being returned to a power 
company's mains, and as they looked upon it as bad business they put 
a ratchet on the meter to prevent its going backward. I think that we 
need only consider winding plants (at соШегіеѕ) supplied from power- 
supply mains, the capital expenditure involved making it almost 
impossible to get collieries to take it up otherwise. In fact, lack of 
capital is holding up an enormous amount of work still to be done in 
replacing extremely inefficient air and steam driving underground, 
where the saving would be very great. The rheostatic method of 
control applied to a 3-phase motor on the power-supply mains appeals 
to one as the most suitable for colliery conditions, the checking and 
adjusting of the cage position being done by counter current in exactly 
the same manner as steam is used at present. 

Mr. W. B. SHAW : One method of braking referred to in the paper 
is that of checking by reversing, and I would like to ask Dr. Rosenberg 
exactly what happened when the main switch of a 3-phase motor run- 
ning at normal speed was rapidly switched over to the reverse position. 
I have found in the case of a small haulage motor that the current rose 
to a high value even if full resistance were switched into the rotor 
circuit in the interval between opening the main switch and closing it 
on the reverse position. With regard to the general question of braking, 
it seems to me that unless energy were returned to the line the only 
argument in favour of electric braking is that it is electric, and perhaps 
would lend itself to lighter and more easily regulated control apparatus 
than the mechanical friction brake now in use with steam winders. 1 
think colliery managers would prefer to put up with the friction brake 
in which he felt confidence rather than go to the expense of an electric 
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brake, especially if it was also proposed to instal a friction brake as a 
standby. | 

Dr. D. К. Morris (communicated) : An interesting point is raised by 
the author in connection with the use of separate braking devices. He 
mentions the fact that there exists in brakes of the eddy-current type 
a speed of maximum retarding torque, beyond which speed the torque 
diminishes. The Morris and Lister brake, as made by my firm, consists 
of two revolving wrought-iron discs, each faced on one side with a thin 
sheet of copper secured by rivets, and provided on the other with suit- 
able cooling vanes. An approximate theory of this brake was given in 
the paper to which reference is made by the author, and it will be seen 
there that the maximum of torque is dependent only on the dimensions 
and excitation of the brake. But the speed at which this maximum 
occurs varies inversely with the thickness and conductivity of the facing 
of the discs. The effect of doing away with the conducting material on 
the iron discs and using only the iron is, as Dr. Rosenberg points out, 
to remove for all practical purposes the disadvantage of having a 
maximum of retarding effect; but, according both to our experiments 
and the theory, what really happens is not only that the critical speed is 
very high, but that the maximum torque occurring at this speed is 
obtained only by excessive exciting current. Brakes for testing petrol 
motors have frequently to be made for a speed of over 2,000 revs. per 
minute, and the maximum of torque must not occur within this speed 
(which corresponds to 133 periods on an 8-pole brake). This con- 
dition is met without difficulty by using very thin copper facing, or even 
by using a material of slightly less conductivity than copper, and no 
increase of exciting current to produce a given maximum torque is 
required. The eddy-current principle, if applied in the way generally 
adopted by us, would seem to be well adapted to give good results at a 
moderate outlay on winding plant of this type. 


Dr. E. ROSENBERG (in reply): Mr. Cramp asked what objections рг 


exist against single-phase commutators being used for large winding 
engines, and pointed out that the aversion against the commutator does 
not prevent us from using a commutator exciter. The objections, of 
course, are not those of theoretical like or dislike, but mainly of expense 
and efficiency. To get good commutation in a single-phase machine, 
we must have very low voltage between bars, and have to build the 
armature for low voltage and high current, which gives, for a large 
output, a very expensive commutator and brush-gear. Besides, the 
efficiency of the single-phase motor is lower than that of either the 
direct-current or the 3-phase induction motor, and we have here no 
counterbalancing advantage as in traction work, where the simplicity 
and higher efficiency of the trolley line and the elimination of rotating 
converting apparatus gives ample compensation for the lower motor 
efficiency. Mr. Cramp suggested also that induction motors with 
devices for changing the number of poles may be used in order to 
allow a wide range of regenerative braking. Although it would hardly 
be possible to get a smooth gradual braking for any great range in 
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this way, no doubt the pole-changing device could be used to get 
economical running at half-speed, and to lower men by running the 
motor with the double number of poles a little above synchronism. 
The practical objection against doing this with direct-coupled large 
winding motors is the great number of poles which would be required, 
and the deterioration in performance which such an arrangement of 
stator and rotor coils gives even at full speed. Consider, for instance, 
the case of a 50-cycle winding motor running at бо revs. per minute. 
This means тоо poles, and as the diameter of the machine has to be 
kept within certain limits, and the air-gap cannot be made unreasonably 
small, this number of poles gives, from the power-factor point of view, 


` anything but an ideal design. To design such a motor for half-speed 


with 200 poles would be an exceedingly difficult task. Asto the sugges- 
tion of making a direct-current winding motor heavily compounded and 
using it for braking purposes as a series generator, I would point out 
that the speed of the compound motor is dependent upon the load, and 
this is always undesirable, but is specially objectionable in cases when 
the direction of the torque changes during the trip—when, for instance, 
there is no balance rope, and the weight of the rope works at first 
against and afterwards with the torque of the motor; in this case 
violent speed variations will occur. As to direct-current excitation of 
3-phase motors, Mr. Cramp mentioned that the energy for stator 
excitation represents a considerable item if the current is taken from 
exciter busbars. This is true if we have to deal with low-voltage 
motors; very often, however, the stators are wound for high voltage, 
say 2,000 to 6,000 volts, and in this case a voltage of 110 to 220 volts 
would not be much in excess of the voltage required for ohmic drop on 
the terminals. I believe that my statement on page 444, paragraph 3 
—viz., that for small excitation the torque for a given speed and resist- 
ance will be in proportion to the square of the exciting current—is quite 
correct, and takes due account of the armature reaction, which latter 
will be in proportion to the exciting currént. Mr. Cramp mentioned 
that the eddy-current brake behaved as if there were no armature 
reaction. Of course, we cannot possibly assume that, but if, as I tried 
to explain, the currents at higher peripheral speed crowd towards the 
surface and shield the lower parts of the iron from lines of force enter- 
ing, then we can understand that the armature reaction will not be 
increased with increased speed. Of course, my explanation of the 
eddy-current brake with cast-iron armature is open to criticism. І 
have tried to explain the observed facts by this theory, and a further 
discussion on the possibility or likelihood of this theory would be very 
welcome. | 

As to Mr. Frith's design of cast-iron brakes with copper end-rings, 
I would be interested to know whether this really did increase the 
torque for a given excitation. 

Mr. Mallinson mentioned that the eddy-current brake does not 
allow of the power being returned to the line. That is, of course, 
in itself not possible with 3-phase winding motors. The question, 
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which is the more important—a return of power to the line, or inde- 
pendence from a momentary failure of line current—will be a special 
question in every particular case. For English coal-mines, the eddy- 
current brake would hardly ever be required. I have seen mines 
where winding of the coal and of miners is done at the same speed, 
and in most cases also, trips with unbalanced load are of rare occur- 
rence. In this' case the expense for the eddy-current brake would not 
often be justifiable. It will, however, be quite another matter if safety 
is the first consideration, and if the lowering of men has to be done 
several hours in every working shift without balancing load. It also 
depends upon the circumstances of each case whether it is preferable 
to put up with the loss of energy during the starting and braking period 
or with the losses in the Ilgner motor-generator extending over the 
whole day. 

Mr. Shaw asked whether the rushes of current are not too great if the 
motor is reversed while running at full speed. This would not happen 
if the controller is properly designed for this service. I have explained 
in my paper that for braking with counter current a larger resistance 
is required than for starting, and therefore liquid-starters like those 
illustrated in Fig. 2, if to be used for counter current, have as a rule a 
special sluice-gate which allows for a lower water-levelfor braking. Of 
course, a controller of an ordinary haulage motor, with only a few steps, 
which allowed on the first step for starting, say, twice normal current, 
would, if reversed with the motor running at full speed, give a rush of 
nearly four times the normal current, and this would certainly be 
objectionable. | 

With regard to Dr. Morris's communication, I think it would be 
difficult to design a brake of several hundred horse-power in a way 
similar to his own interesting apparatus. It is hardly feasible to do 
without water-cooling, and the connection of a thin copper plate to the 
iron armature would very likely give rise to mechanical difficulties 
owing to the great temperature differences encountered. 
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STATIC SUB-STATION DESIGN. 
By P. V. HUNTER, Associate Member. 


(Paper received November 23, 1910. Read before the NEWCASTLE LOCAL 
SECTION Fanuary 16, 1911.) 


The importance of static sub-station design is apt to be underrated 
on account of its apparent simplicity, but when a systematic attempt 
is made to arrive at the ideal, it is surprising how complex the problem 
becomes. The ways in which transformers and switchgear may be 
arranged with relation to one another are practically infinite, and nearly 
every way has something to recommend it. In fact there is so much 
scope for originality that the designer is apt to follow ingenuity for its 
own sake, rather than reduce the subject to an economical association 
of essential principles. 

It is, however, difficult to limit the issue to a number of definite 
considerations capable of statement as an individual problem. The 
subject is simply an important consideration in the design of a system 
of electricity supply, and cannot be looked at entirely from an isolated 
point of view. 

Scope of Paper.—|n writing this paper the author has particularly 
in mind the conditions met with on the North-East Coast. While this 
limitation does not affect the essential principles of design, which are 
common to all conditions, it has influenced the examples shown and 
they must be considered with this in view. 

As it is impossible to deal with the whole question within the limits 
of a single paper, attention will be confined more particularly to the 
arrangement of buildings and plant. Considerations imposed by the 
supply system generally and questions of cost will not be entered into 
in detail. It is, of course, necessary to make some reference to them 
in order to record their actual influence on the problem. 

Supply System.—Apart from engineering duties the design of sub. 
stations is materially affected by the general policy adopted throughout 
the supply system; that is to say, the attitude which the supply 
authority takes towards its responsibilities on the question of mainten- 
ance of supply, and the extent to which it is prepared to encourage 
business by spending money on standby plant and automatic apparatus 
_ with the object of eliminating failure of supply. In general the longer 
the experience and the greater the responsibilities, the more conserva- 
tive is the attitude. 

From the point of view of the supply system, sub-stations must be 
considered as switching centres for the high-tension transmission system. 
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It is essential therefore that the switchgear be constructed not solely to 
suit the sub-station plant, but to meet the conditions imposed by the 
magnitude of the system and future developments. An important 
matter in this connection is the provision of regulating apparatus for 
controlling the loading of individual high-tension feeders. 
Cost.—The design of individual sub-stations cannot in general be 
settled on a minimum cost basis, as such procedure generally leads to 
wasted capital when further developments arise, and is attended by 
continual risk of breakdown involving interruptions to supply. It is, 


Fig. 1.— Curve showing Relation between Size of Transformer and Cost 
’ per Kilovolt-ampere. 


however, useful to note one or two characteristics of the cost of the 
apparatus. 

With naturally cooled transforming plant the minimum cost per 
kilovolt-ampere is reached when the size approaches 1,000 k.v.a. ; up 
to this size there is a reduction in cost per kilovolt-ampere the larger 
the transformer. The rate of decrease is important, and the curve 
in Fig. 1 shows the cost per kilovolt-ampere plotted against size of 
unit for 3-phase transformers wound for 5,500/440 volts 40 cycles, and 
may be regarded as typical, 
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The cost of high-tension switch panels is practically proportional to 
the voltage, and more or less independent of the full-load current within 
working limits. 

Compared with the complete equipment the cost of the building is 
a relatively small percentage, and the difference between two buildings 
therefore expressed as a percentage of the total cost is practically 
negligible. In fact, it is generally possible to consider buildings 
entirely on their engineering merits, provided care is taken to guard 
against redundant space. | 

Purpose of Building.—Having noted the conditions imposed by the 
main supply system, and the relative importance of cost, attention may 
be directed to the main problem of design. 

The primary function .of static sub-stations is properly to house 
suitable apparatus for transforming alternating currents, which 
apparatus consists essentially of static transformers and switchgear. 

In general, the ultimate extent of the plant and the final working 
conditions of secondary voltage are not known at the outset. The 
merits of a particular design of building must therefore be judged not 
only by the manner in which it meets the needs of the initial apparatus, 
but also by its suitability for extension to meet possible future require- 
ments. For instance, commencing with only one pressure, a further 
secondary pressure may be required later. Increased demand may 
necessitate larger or additional transforming plant, and extensions to 
the transmission system may mean the installation of regulators and 
further high-tension feeder panels. А satisfactory design must be 
capable of ready extension to meet these future possibilities without 
sacrificing essential principles of design. 

Types of Sub-station.—It is convenient for the purpose of this paper 
to divide sub-stations into two types, namely, those containing arti- 
ficially cooled transformers, and those in which the plant is cooled by 
natural radiation. In general, the former type is used only for large 
powers where the saving in capital expenditure justifies the cost of 
attendance. For this reason the number of such sub-stations is small. 
Increased output is obtained by adding similar units (as in the generat- 
ing plant of a power station) and the whole problem of design is 
consequently considerably simplified. 

In the first instance, therefore, the naturally cooled type will be 
considered, as the conditions are more variable and the problem more 
complicated. 

Essential Principles of Design.—The guiding consideration in the 
design of static sub-stations, as in the rest of a supply system, is main- 
tenance of supply. The attainment of this ideal is contributed to by . 
four principles which may be regarded as essential: (1) The use of 
sound and properly designed apparatus; (2) the use of automatic 
devices for isolating faulty apparatus ; (3) the maintenance of sufficient 
reserve of plant ; (4) an arrangement preventing consequential damage 
and facilitating maintenance. 

The first two of these items do not materially affect the general 
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design of building, but the others are all-important factors and require 
detailed consideration. 

Reserve Plant.—The provision of reserve plant involves the division 
of the equipment into similar sections, so proportioned that in the 
event of the failure of one section, there will be sufficient plant left to 
deal with the load. In estimating the maximum load to be carried by 
a particular combination of sections account may be taken of the over- 
load capacity, provided spare plant is kept available in the stores to 
limit the period of overload. Each spare may, of course, serve for a 
number of sub-station equipments. 

The first diffculty which arises in this connection is the number of 
sections for any particular load, assuming one section as reserve. With 
two sections only, the capacity of the total transforming plant is 33 per 
cent. greater than with three sections, and at first sight it would appear 
that the larger the number of sections the more economical the ar- 
rangement. Actually, due to the falling cost per kilovolt-ampere with 
increasing size of transformer, the reverse is the case, as may be seen 
from the curve in Fig. І. For a 1,000-k.v.a. load two transformers of 
1,000 k.v.a. each are cheaper than three of 500 k.v.a. At the other end 
of the curve two roo-k.v.a. transformers are cheaper than three со k.v.a. 
Further, as the larger number of transformers require more switchgear, 
the balance is still more in favour of the smaller number of sections. 
Above 1,000 k.v.a., the balance begins to turn in favour of increasing 
the number of sections. 

Arrangement.—The most important requirements in the arrangement 
of sub-stations are protection from consequential damage, and ease of 
maintenance. Fortunately, these two requirements are almost identical 
in their effect on the problem, that is to say, to a large extent arrange- 
ments made to prevent consequential damage also prevent accidents to 
workmen and apparatus during maintenance operations. 

Consequential damage in this connection is taken to be the damage 
to any part of the equipment caused by breakdown of apparatus in 
another section. Ease of maintenance involves, in addition to mutual 
protection of the workmen and equipment from each other, ready and 
safe access to all parts of the equipment. In general, the requirements 
of satisfactory maintenance may be met by providing screens or guards 
between sections. Protection from consequential damage requires that 
these screens shall, in addition, be made fire and explosion proof. In 
practice, the most convenient form of fireproof screen is brickwork or 
concrete. 

The initial step towards the ideal in the design of sub-stations is to 
adopt an ordered lay-out in which not only is the main apparatus 
arranged in a systematic manner, but also the various connections 
between apparatus are run as directly as possible without crossing, 
and those belonging to each section of the equipment kept entirely 
separate. A simple design of this kind is shown in Fig. 2, which indi- 
cates the actual arrangement of plant adopted in a small sub-station 
erected in 1904 containing two roo-k.v.a., air-cooled transformers. 


^ 
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It will be noted that no serious attempt has been made to guard 
against the fire risk, and to protect the workmen during maintenance 
operations it is necessary to use removable screens. The design is 
therefore suitable for small transformers of the air-cooled type only. 
A further objection to this arrangement for larger outputs is the 
amount of ground space which would be occupied. Extensions аге 
difficult without resorting to complications, as with three sections it 
would be necessary to make very special provision in order to gain 
proper access to the middle transformer. It is desirable, therefore, 
for large powers, to modify the design of the building. A two-storey 
construction has been found to lend itself very conveniently to the aims 


FiG. 2. 


of the designer. In addition it has the advantage of reducing ground 
space to a minimum. 

An early design of this type is shown in Fig. 3, which give 
diagrammatically a sub-station built in 1904 for a maximum load of 
3,000 k.v.a., with oil-cooled transformers. This arrangement disposes 
of the objections and difficulties noted in connection with Fig. 2. 

The fire risk has been to a large extent met by placing the trans 
formers in fireproof cubicles. 

The connections between apparatus are also satisfactory from the 
point of view of consequential damage. Ground space has been 
reduced to a minimum. One disadvantage is the bunched arrange 
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ment of the low-tension outgoing feeder cables, which have to be 
racked on the wall at the back of the low-tension switchgear and taken 
out of the building at the ends. 

Venlilation.—4A serious consideration which arises with transformers 
of moderately large outputs is the necessity for ventilation. Trans- 
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formers are designed on the assumption that the maximum temperature 
is determined when running in a large room with an unlimited supply 
of air at atmospheric temperature. This precise condition is never 
attainable in a sub-station, as the cost of the building would be pro- 
hibitive. Some special arrangement creating a draught is therefore 
necessary. The ventilating apertures in Fig. 3, although adequate, as 
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ventilation is ordinarily understood, do not induce a sufficient draught. 
Fig. 4 is an improvement in this respect. Here special ventilating 
flues are provided for creating a draught through the transformer 
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6 
chamber, the air being admitted through louvres in the bottom half of 
the door at the front of the chamber. These flues must, of course, be 
calculated on the basis of the losses of the largest size of transformer 
which the chamber will eventually accommodate. It is important that 


1911.] HUNTER: STATIC SUB-STATION DESIGN. 469 


sheet iron or similar material should not be used for flues unless special 
precautions are taken to prevent loss of draught through radiation. 
The outgojng low-tension cables in Fig. 4 are accommodated in a 
chamber running the whole length of one side of the sub-station giving 
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a neat and safe arrangement [which avoids all reasonable risk of 
consequential damage. 

The arrangement indicated in Fig. 5 is usually more convenient 
than that of Fig. 4, as the low-tension feeder switches are located in a 
special chamber. In the case of a sub-station on a consumer's premises 
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this enables him to operate these switches without entering the high- 
tension chamber. It also admits of the consumer using a switchboard 
of any particular type which may suit his convenience, without erecting 
it in line with the supply authority's low-tension transformer and meter 
panels, which will be of a certain standard type. 

Size of Building.—While the sub-station shown in Fig. 5 meets the 
requirements of sound design assumed to be essential, before dimen- 
sions can be settled it is necessary to know the maximum size of 
transformer to be accommodated. 


As pointed out on page 463, there is no economy in using trans- 
formers larger than 1,000 k.v.a. This may be considered therefore a — 
convenient maximum size of transformer to be accommodated. In 
some cases, however, it may seem improbable that the load will ever 
reach this figure, and a reduction in the size of transformer chamber 
is therefore possible. 

In Fig. 5 it will be found that the only reduction in size which can 
be made is in height of chamber, as the width and length are governed 
by the accommodation required for the switchgear on the first floor. 
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In any case the difference in dimensions of transformers in sizes 
between 300 and 1,000 k.v.a. is so small as to make it hardly worth 
while to alter the dimensions of the chamber for the smaller sizes. 
For small loads, however, where the ultimate demand can be accu- 
rately predicted, some modification of the design shown in Fig. 2 
is suitable. As not more than two chambers will ever be required, the 
difficulty of building extensions is eliminated, and owing to the smaller 
size of transformer adequate ventilation can be arranged. Fig. 6 
shows one arrangement suitable for these conditions, which has the 
advantage over Fig. 2that possibility of consequential damage is re- 
duced and ease of maintenance is obtained. A convenient distinction 
between Figs. 5 and 6 is to adopt the latter for loads that will never 
exceed 500 k.v.a. 

Extensions.—Increasing load may be met in any of the designs by 
replacing the transformers by larger ones. With the designs shown 
on Figs. 3 to 5, when a maximum size of 1,000 k.v.a. is reached the 
number of sections is increased. Sections may be added indefinitely 
provided the site is suitable. Where two secondary pressures are 
required the arrangement shown in Fig. 5 may be extended as shown 
in Fig. 7. 

Pressure Surges.—The designs shown in the previous Figs. are 
intended for underground cable systems where the primary pressure 
does not exceed 10,000 to 12,000 volts. Under these conditions pressure 
surges are seldom met with (particularly if turbine-driven generating 
plant is used), and discharging devices have not been shown. In any 
case the factor of safety of the insulation of a properly constructed 
system for these pressures is so large that a surge to be dangerous 
would exceed the dissipating power of ordinary roller spark-gaps. 
Should serious trouble be experienced, apparatus of the electrolytic or 
water-jet type would be necessary, installed at points where experience 
shows trouble is to be expected. 

With an overhead line system for a similar primary pressure it is 
advisable to provide horn arresters, with resistances in series to earth, 
for dealing with lightning discharges, Fig.8 shows a suitable arrange- 
ment for an overhead line sub-station under these conditions. 

This design also shows the low-tension transformer panels adjoin- 
ing the consumers low-tension feeder panels. The arrangement is 
economical in buildings, but inconvenient for testing the transformer 
automatic cut-outs. It also requires that similar switchgear be used 
for the low-tension transformers and feeders, 

For higher primary pressures it is generally considered advisable to 
provide pressure surge arresters on each feeder panel, and Fig. 9 
shows an arrangement similar to Fig. 5 to meet these conditions. The 
arrestefs here shown are ordinary roller spark-gaps with resistances 
in series. This apparatus has a limited discharge capacity, and 
in Fig. 10 accommodation for electrolytic arresters is shown. This 
design also shows the manner in which a feeder regulator may be 
added. 
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Artificially Cooled Transformer Sub-stations.—In the design of sub- 
stations for artificially cooled transformers, the problem is generally 
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similar to that for naturally cooled, as described above, except that the 
chambers may be built to suit the size of transformers installed initially, 
and the ventilating difficulty is eliminated. 
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Fig. тт shows a step-up sub-station accommodating 12,000 k.v.a., 
of transforming plant, divided into four sections of 3,000 k.v.a. each. 
The transformers are oil insulated and water cooled, the heat being 
extracted by means of a special cooler (through which the oil and 
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water are pumped) placed in the lean-to at the side of the building. 
Switchgear for one side only of the transformers is shown in the 
design, the other side being controlled by switchgear placed in an 
adjoining power station. It will be noticed that this sub-station differs 
from previous examples, in that provision has been made for lifting the 
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transformer inside the building. In the case of 3,000 k.v.a., units 
weighing upwards of 25 tons, this is essential for minor repairs and for 
periodical examination of the transformer. 

An interesting arrangement of sub-station which does not fall 
entirely within either of the two types arbitrarily assumed is indicated 
in Fig. 12. These sub-stations have been installed at the junction- 
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points of the trunk mains on a 20,000-volt system where the energy i5 
transformed to 6,000 volts for general distribution. They have, there- 
fore, extremely important duties, and it is impossible to estimate the 
ultimate maximum load. In these circumstances the sub-stations are 
designed with each section suitable for naturally cooled transformers 
up to sizes of 1,000 k.v.a., but may be arranged to accommodate 
artificially-cooled units up to 3,000 k.v.a. each. As an attendant is 
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necessary on account of switching operations, he can give the necessary 
attention to the transformer cooling plant. A crane is provided for 
lifting the transformers. 

It is arguable that the same reasons which make lifting apparatus 
necessary for the artificially cooled transformers also apply to the 
naturally cooled apparatus. The question is somewhat involved, and 
is governed by the use likely to be made of the lifting apparatus. "This 
is almost entirely a matter of individual experience depending on the 
amount of trouble met with. In any case repairs requiring more than 
one or two days should be carried out at a central repair shop, where 
proper apparatus is available for repairing, drying out and testing the 
transformers. 

On the other hand, it is objectionable to have to transport a trans- 
former some distance to the repair shop for the sake of inspection 
and adjustment only, although, of course, this is to be preferred to 
lifting it out of the case in the open air. 

An arrangement of sub-station developed from Fig. 5, but includ- 
ing the lifting accommodation, is shown in Fig. 13. The conditions 
under which this design should be used in preference to that shown in 
Fig. 5 must remain a matter of individual opinion based upon personal 
experience. 

In conclusion, the author does not claim any special merit in the 
designs here shown, except that they are a consistent interpretation of 
the principles assumed to be essential at the commencement of the 
paper, namely: Maintenance of sufficient reserve of plant, preven- 
tion of consequential damage, and facility of maintenance. 

Opinions will, no doubt, differ respecting the relative importance of 
these principles, and the designs shown may be taken as representing 
the degree of importance attached to each by the author. The 
acknowledgments of the author are due to Mr. R. W. Gregory, who 
is largely responsible for the various designs shown in the Figs. and 
the preparation of the drawings illustrating this paper. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION. 


Mr. J. A. ANDERSON : The author has dealt with the matter very 
fully, and has given typical examples of all the sub-stations in the 
Newcastle Companies system. The earlier designs did not allow 
sufficient ventilation for the transformers. The latter type are very 
good examples of what static sub-stations should be like. The venti- 
lating flues are absolutely necessary for the efficient ventilation. The 
only sub-station shown in the paper which has not yet been put into 
commission is that shown in Fig. 11, where artificial cooling has been 
adopted. The expense of the oil cooler is a considerable item, and I 
do not know whether it would not be better to go to a little further 
expense and instal larger transformers to take the load without artifi- 
cial cooling. As it is the arrangement is complicated, and there is 
always a danger of the oil leaking or the water getting into the oil, due 
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to the tubes in the cooler pitting. In this respect a surface cooler 
might be used with advantage, made up of cast-iron pipes, with the 
cooling water running down the outside. Referring to the sub-station 
shown in Fig. 12, this sub-station is very badly ventilated, the trans- 
formers getting very hot. 

Mr. H. L. RISELEY : I am not in a position to criticise the details of 
the paper, but I think it is most interesting and instructive, and might 
form the nucleus of a text-book entitled, “ Evolution of the Sub- 
station.” The chief thing the author has neglected in the design of 
these sub-stations is of primary importance—the location of the site 
and the accessibility of the transformers ; for instance, Fig. 2, it is 
impossible to get the back transformer out without dismantling the 


- transformer nearest the door. In another sub-station on the system 


it is quite impossible to get the transformers out without cutting a 
20,000-volt cable, which comes right across the doorway. Moreover, 
it is a very difficult and lengthy performance to get the transformers 
into the sub-station, as in many cases there is no approach except 
across, perhaps, a field or unmade ground, and there are no appliances 
for lifting the transformers on to a lorry outside the building, and not 
even arrangements made to raise a pair of shear legs for this purpose. 
In justice to the author it is only right to say that some of the 20,000- 
volt sub-stations have cranes inside. The facility for handling trans- 
formers should not be overlooked, as in case of breakdown time is 
of great value, and when changing transformers, say at a week-end, 
the same applies. Another point I cannot understand is why flat roofs 
are always used—in fact, I think I am right in saying flat roofs are not 
used anywhere else in the North of England. This makes a very 
expensive construction, as it is essential for these roofs to be water- 
tight, and it is necessary in every case to asphalte them, which costs a 
lot of money. I would like to know why a gable roof cannot be used. 
I see no difficulty in the way of extension, and it would undoubtedly 
be cheaper. Mr. Anderson has already touched on the water-cooled 
oil-immersed transformer. I would like to point out in the particular 
instance he refers to that, should a tube leak in the cooler, all the oil 
will automatically syphon out of the transformer. Also, there are too 
many safety devices on this apparatus : recording thermometers, which 
ring a bell when the oil gets too hot, also a bell to ring should the level 
of the oil alter much, etc. All this is very nice, but all takes a certain 
amount of maintenance. 

Mr. C. TURNBULL: This paper clearly brings out the great expense 
which is involved in the distribution of current on a large system. 
Indeed, it is more and more being found that the cost of distribution 
is becoming one of the most important factors in a large supply system, 
and it promises eventually to become the chief factor. Even the load- 
factor is not more important, for obviously a private plant could supply 
1,000,000 units per annum at a ro per cent. load factor more cheaply 
than a central station could supply the same units over a scattered area 
even at a much better load factor. То enable this problem to be 
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clearly understood I introduced the term “ density factor " some years 
ago. The density factor is obtained by dividing the total cost of dis- 
tribution by the total units distributed, this giving the cost to be 
debited against each unit for distribution. Were they published regu- 
larly as load factors, it would be discovered that the density factors 
are a controlling element in the success or failure of many stations, 
being perhaps not less important than the older and better known term, 
load factor. 


Mr. E. FAWssETT : With regard to Mr. Turnbull's remarks on cost M 


of distributing power, I might mention that on the Tyneside Power 
Company's system the transformer core loss alone amounts, owing to 
the large amount of reserve static plant, to no less than 10,000,000 units 
per annum. The author suggested that one of the disadvantages of 
the arrangement shown in Fig. 2 is the difficulty of metering the 
combined output ; but this may very simply be got over by inserting 
current transformers to each supply and joining them up in parallel to 
the meter, this being quite an accurate and satisfactory method. The 
author infers in his paper that the ventilation is designed on most 
scientific lines—the basis of the losses of the largest transformer the 
chamber would hold ; but my experience of many of the sub-stations 
is that the direction of the wind has an enormous effect on the tempera- 
ture of the air surrounding the transformer, and I doubt if in any of 
the designs the draught is sufficiently strongly established ; in fact, I 
look on the ventilation as the weak feature of an excellent series of 
designs. In Fig. 9 I see roller gaps shown for 20,000-volt operation. 
Seeing that this type has a big ratio between the sparking-over and 
quenching voltages, they must be set high above working pressure ; 
whereas the factor of safety of a 20,000-volt system is not as high as 
that of a 6,000-volt one, and consequently these gaps cannot protect 
the apparatus from small surges. It seems to me imperative that horn 
' breaks should be used, as these can be set with a very small margin, 
and can also take care of far more power than the roller type. I 
should be glad to know if there have been any recent experiments 
to prove what is the real action in a horn-gap breaking small currents 
up to, say, то amperes at high pressure. The old idea was that the 
heated air gave a non-conducting path, and some experiments I have 
made with the horns set horizontally certainly confirm this, though I 
see Mr. Andrews reported in the discussion on Mr. Peck's paper three 
years ago that he had made some experiments with heavier currents, in 
which the results pointed to a purely electromagnetic action. Any 
further information on this score would be extremely interesting. 

Mr. C. VERNIER: I think the author's paper should prove extremely 
useful to those power company undertakings which have not yet 
reached the advanced stage of development that we have in this 
district, and also to those who have to erect a sub-station in isolated 
cases. Most people have not yet got beyond the design shown in 
Fig. 2, which one sees commonly illustrated in the Press, in connection 
with private supply to works, etc. I should like to ask the author about 
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the curve, Fig. 1, whether this curve is independent of primary pres- 
sure ; for instance, whether it would hold good for a transformer wound 
for 3,000 volts as well as one wound for 20,000 volts, the total capacity 
in kilovolt-amperes being the same in each case? It is interesting to 
note on page 464 that one can do almost anything to the design of the 
building without affecting the cost very much, and this, of course, 
lends itself to full exercise of ingenuity on such designs. Fig. 3, I may 
say, was about the first type of double-story sub-station designed for 
the power companies on the north-east coast; previous to that all 
designs had been Fig.2. I do not quite agree with the remark that the 
author makes on page 467 regarding this sub-station, where he makes 
a strong point of the disadvantage of having to bring all the cables out 
at one end. I am well acquainted with this particular sub-station, the 
installation of which I supervised; and the reason for bringing the 
cables out in this manner was really due to the peculiarity of the site, 
but cannot be said to be a disadvantage of the design, as if you reverse 
the position of the high-tension and low-tension switchgear, it is quite 
possible to take out the low-tension cables directly behind the board. 
Of course, as the figure is shown, this cannot be done, since the cable 
pipes would obstruct the doors. I do not think the paper should be 
called “ Тһе Design of Static Sub-stations," but rather “The Design of 
Static Sub-station Buildings," for the design of a static sub-station, as I 
understand it, does not only include the arrangement of buildings aud 
plant. I think the author might have given us something in connec- 
tion with switchgear and transformers, etc. It would be interesting to 
hear, for instance, what the author thinks of the various methods of 
cooling transformers—air-cooled against oil-cooled, and, again, artifi- 
cial as against natural cooling. Various methods of artificial cooling 
might have been dealt with—for instance, whether we should cool the 
oil by passing it through a worm immersed in circulating water, or 
whether we should immerse the cooling pipe in the transformer tank, 
through which water is circulated, and then, again, the advantages or 
otherwise of air-blast cooling. As regards switchgear, I think most 
of the types of switchgear are illustrated in the paper. Most recent 
designs of sub-stations, it will be noticed, are equipped with Reyrolle 
ironclad switchgear, but I think the comparison of various types of 
switchgear would have been useful. 

Mr. А. С. SHEARER : I should like to ask for the author's views on 
the total cost of sub-station equipment when single-phase transformers 


· are installed, as compared with 3-phase transformers. Capital outlay 


for sub-stations equipped with the former arrangement, even if a spare 
single-phase transformer was installed, would, in my opinion, compare 
very favourably with a sub-station equipped with a duplicate 3-phase 
transformer, together with its high-tension and low-tension switch- 
gear. One reason why mesh-connected single-phase transformers 
һауе: not been more extensively used is owing to the difficulty in 
supplying alternating-current lighting, but this difficulty has been 
overcome by the auto-balancing transformers, which are very efficient. 
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Mr. F. О. Hunt: With regard to Mr. Fawssett's remarks upon the 
real action of horn-gap lightning arresters, it occurs to me that a similar 
point was largely dealt with in a paper read at Manchester by Professor 
Schwartz and Mr. James. It was there shown that the position of the 
cables leading current to the gap was very important. It is therefore 
probable that the difference between Mr. Fawssett’s results and those 
quoted by him may arise from different arrangements of cable con- 
nections being used in the two sets of experiments. 

Mr. G. L. PoRTER: Since seeing Mr. Fawssett's tests I have referred 
to the particulars given by Mr. Andrews of his work, and find that his 
tests were not really of horn arresters at all, but were made in con- 
nection with the use of horns to clear the arc consequent upon blowing 
fuses. All the tests described were carried out with heavy currents 
(blowing at least a No. 18 S. W.G. copper wire), when powerful electro- 
magnetic effects would, of course, occur, whereas Mr. Fawssett's tests 
were made with a horn arrester with the usual series resistance limiting 
the current to І or 2 amperes, the voltage being raised above the 
breakdown voltage of the horn-gap to start the arc. 

Mr. Н. W. CLoTHIER: The author has shown in a very complete 
and interesting way how the design of sub-stations has been evolved, 
starting from the stage when we had to work out the best way to fit 
switchgear and transformers into some existing room, perhaps a rail- 
way arch or a disused cellar, to the time when the sub-stations consist 
of a well-thought-out, properly ventilated building of standard con- 
struction which is shaped to house standard designs of switchgear, 
transformers, and methods of connecting. One of the speakers has 
raised the question as to what an up-to-date sub-station will be like 
in ten years time. In making a forecast from the information in the 
paper the following appear to me to be the leading factors to take into 
consideration :— 


I. Development in the detail construction of the apparatus used. 

2. The matter of ventilation. 

3. The tendency of the present time towards the complete 
enclosure of all conductors from the generators to the 
load within a continuous metallic armouring. 


From the progressive examples of switchgear shown in the paper one 
might naturally expect in ten years' time to have switchgear so strong 
and perfect that it would work quite well in the open. As to the 
second point, it seems to me that the trouble and expense involved 
at the present time in obtaining good ventilation is brought about by 
the fact that the transformers are enclosed within a building. In this 
case the problem of ventilation would be best solved if the building 
could be dispensed with. The third point is prominent in the modern 
designs shown in the paper ; but I think there is possibly room for 
improvement in respect to the leads which join between the switch- 
gear and the transformers, particularly when these leads are single 
unarmoured cables. For instance, would it not be better to have the 
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static transformers plugged into ironclad contacts forming a continua- 
tion of the switchgear? Assuming that the above points continue 
to be the controlling features, it seems to me that the sub-station of 
the future will consist of apparatus so completely and effectually 
enclosed that it can be placed in a field without any roof or building 
to cover it. | 

Mr. W. W. Woop: Horn arresters appear to be in favour for over- 
head lines, and spark-gaps for underground cables. At Harton Colliery 
horn arresters are used exclusively, and these seem to favour Saturday 
afternoons for sparking over. 

Мг. Н. К. ViaLL : The author has not mentioned the outside type 
of sub-station, which is the cheapest on the Newcastle Company's 
system, and is situated at Ponteland. It consists of a 6,000/440-volt 
transformer in a weatherproof case erected on four poles at the ter- 
minus of a 6,000-volt overhead line. Messrs. Merz and McLellan might 
have developed further on these lines. I think the dwelling-house 
type of sub-station would have been a great adornment to the author's 
paper, and he should have had an illustration of the Aykley Heads sub- 
station at Durham, with its elaborate frontage, included in the paper. 

Mr. J. BUTCHER: I always failed to see any bad results due to the 
arresters at Harton Colliery, and asked Mr. Wood if he could give any 
particulars of them. I have carefully examined them both when they 
were dead and when they were alive, but they always appeared to be 
satisfactory. 

Mr. P. V. HUNTER (in reply): One thing I am pleased to see is that 
no one seems to have taken any serious objection to the principles 
on which the designs are based, although a number of points have 
been raised about the apparatus. Respecting the criticism of the 
water-cooled transformers on Fig. 11, the alternatives are naturally 
cooled transformers versus artificially cooled ones. There is, of course, 
a great deal of difference in the cost of these alternatives so far as 
transformers and buildings are concerned. Naturally cooled apparatus 
would cost something like double the water-cooled. I must say, apart 
from cost, I would much prefer to see naturally cooled transforming 
apparatus everywhere. I do not think there is any probability of the 
oil leaking into the water or even leaking away. The coolers were 
first designed as condensers by a local firm for the Admiralty under 
a rigid guarantee against leakage between the fresh-water and salt- 
water systems. As a further precaution, an extra heavy tube-plate has 
been used with the tubes expanded into it. In order to take up any 
contraction and expansion of the tubes they have been given a bend. 
Mr. Riseley mentions that all the oil might leak out of the transformer 
before any one knew about it, but the arrangement is such that a bell 
will ring under those conditions, due to the temperature rising. 
Regarding ventilation Mr. Anderson refers to Fig. 12, which is cer- 
tainly not as well ventilated as some sub-stations which were designed 
afterwards. It should be borne in mind that the sub-station is intended 
not only for the naturally cooled transformers but also for artificially 
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cooled, and with the artificially cooled no ventilation is required. It 
is difficult to arrange more efficient ventilation than that shown, and the 
design must be looked upon as a compromise. Mr. Riseley referred to 
the necessity of facilities for handling heavy transformers when instal- 
ling or removing them. This is, perhaps, hardly a matter affecting 
design. If the difficulty is serious, I would suggest the construction 
of a special portable apparatus, for which proper provision can be 
made in the sub-station building, to enable the transformers to be 
lifted straight off the waggon and deposited in position on the sub- 
station floor. The difficulty is to know where to stop in sub-station 
buildings, and the cost of a special crane such as Mr. Riseley suggests 
for each sub-station would be a serious item. Mr. Riseley has also 
referred to the flat roof—there is difficulty in extending with anything 
but a flat roof. Take, for instance, Fig. 7. The joists supporting 
the roof are longitudinal with flat roofs as in Fig. 4; the joists 
go straight across, and it is obvious that Fig. 4 is much more 
readily extended than Fig. 7. With certain designs of switchgear, 
I think a concrete roof is unnecessary ; although concrete is liable 
to crack with a flat roof and not so liable with a pent house roof, I fear 
that no one would care to take the risk of leaving a pent house roof 
without an asphalte covering. As regards the question of cost of 
distributing, Mr. Turnbull does not suggest anything which would 
cut down the cost of the designs given in this paper without sacri- 
ficing some of the safeguards which are considered necessary. In 
general the result of trying to cut down cost is that the designs 
become more complicated. Mr. Fawssett refers! to the question of 
metering on Fig. 2, and his suggestion is quite a feasible one and 
might well be adopted. As a matter of fact, I think it would be a 
little more expensive than the double busbars, as both bars are carried 
on the same brackets with a piece of micanite insulation between the 
two sets. Mr. Fawssett also wishes to know why roller spark-gaps are 
used on the 20,000-volt gear. I agree they are very little use for 
dealing with a real voltage surge. The contractors maintaining the 
20,000-volt cables consider them essential, and as more effective 
apparatus would be also more expensive the roller gaps are used. The 
system has run quite satisfactorily with them. In reply to Mr. Fawssett, 
Mr. Wood, and Mr. Hunt respecting the operation of horn-gaps, 
Mr. Porter made some interesting remarks. Ithink in view of Mr. 
Fawssett's uncertainty, he should get to the bottom of the matter by 
making some further tests. The old type of sub-station in Fig. 3 does 
not show the ventilating arrangements which have since been added, 
as I thought the development of the problem would be understood 
better if they were omitted. I have never heard it mentioned before, 
but I have no doubt it is the case that the direction of the wind has 
an effect on the cooling of some early sub-stations. With the venti- 
lating flues I think the cooling is more or less independent of the wind. 
I do not see how wind would stop ventilation, but I can see how the 
. wind would help. 
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The question of the cost curve has been raised by Mr. Vernier. 
This does not hold for different pressures, but does not differ greatly. 
With higher pressures the whole curve is raised slightly, and the cost 
per kilovolt-ampere is a little greater for all sizes. In trying to get a 
concise title I may perhaps have sacrificed something in the descrip- 
tion. Mr. Shearer raises the question of single-phase transformers, his 
point being, I take it, to cut down cost. In the event of a breakdown, 
however, until the other transformer was got into commission, which 
would probably take some hours, the supply to the consumer would 
be interrupted, to his great annoyance and expense. Mr. Clothier's 
suggestion of the ironclad sub-station which is not a sub-station, is very 
interesting. In reply to his objection to the insulated leads, I would 
point out that all connections except those below боо volts are metal 
covered. For the higher pressures, with ironclad switchgear, lead- 
covered cables are used, sometimes single cables, and sometimes 3-core, 
as may be most convenient. He has therefore really got his metallic 
sub-station equipment except that he has a building as well. The 
transformer manufacturers are, however, not so enterprising as Mr. 
Clothier, and they would object strongly to putting their transformers 
out in the open. Mr. Wood deals with the question of horn arresters as 
against electrolytic arresters. There is no doubt that the electrolytic 
arresters are much more effective. Mr. Viall has referred to Ponteland 
sub-station. I am very sorry I have not a slide of it. It consists of a special 
watertight transformer erected on poles at the termination of a high- 
tension pole-line and is quite unsuitable for important supplies on 
account of the risk of interruption to supply. 
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A GRAPHICAL TREATMENT OF THE SKIN 
EFFECT. 


By Professor ALFRED Hay, D.Sc., Member. 
(Paper received. December 5, 1910.) 


The fact thatan alternating current is not uniformly distributed over 
the cross-section of a conductor has for a long time been well known 
to all electrical engineers, and the changes in the resistance and self- 
inductance of a cylindrical conductor arising from this cause have 
formed the subject of several analytical investigations. The con- 
tributions of Clerk Maxwell, Oliver Heaviside, Lord Rayleigh, and 
Lord Kelvin to the solution of this problem are well known to those 
interested in the subject, and the formula and tabulated numerical 
results given by these investigators have been frequently referred to 
by writers on alternating currents. The most recent and thorough 
analytical treatment of this problem we owe to Dr. Alexander Russell.* 
An elementary explanation of the general nature of the skin effect has 
also been given ; but no attempt seems hitherto to have been made to 
deal with the subject in a quantitative manner by a purely elementary 
method. It is the object of this paper to develop such a method. As 
wil be seen, the method has the great advantage of presenting to 
the mind in a very vivid manner the purely physical aspect of the 
problem. | 

In what follows, we shall confine our attention to cylindrical con- 
ductors so arranged that everything is symmetrical about the axis of 
the conductor, the lines of magnetic induction being represented by 
circles having their centres оп the axis of the conductor. Imagine a 
long, straight cylindrical conductor surrounded by a coaxial infinitely 
thin shell of negligible resistance lying infinitely close to the surface of 
the conductor but insulated from it, and let an alternating current be 
sent through the conductor, the surrounding shell forming the return 
path for the current. We may term the quotient of the potential 
difference by the current in such a circuit the * internal impedance" 
of the conductor. This may be regarded as made up of the effective 


* Proceedings of the Physical Society of London, vol. xxi., p. 581, 1907-1909. 
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resistance " of the conductor (== power dissipated in conductor divided 
by square of current) and its “effective reactance,” these three quan- 
tities forming the well-known impedance triangle. Since the reactance 
of the conductor in the case under consideration arises wholly from 
magnetic lines within its substance, we may conveniently term the 
effective reactance in this case the “internal reactance” of the 
conductor. 

Suppose next that the surrounding shell forming the return path for 
the current is made to expand, so that there is a considerable space 
formed between the outer surface of the cylindrical conductor and the 
shell. This space becomes filled with magnetic lines and increases the 
reactance. That portion of the reactance which arises from such lines 
may be conveniently termed the “external reactance.” Since everything 
remains symmetrical about the axis, it is evident that the only effect of 
the external reactance is to add to the reactance component of the 
impressed potential difference, the current distribution within the 
conductor not being in any way affected. A similar result will hold 
good if for the coaxial shell we substitute any other form of return 
conductor, provided always that this return conductor is sufficiently far 
from the cylindrical conductor to prevent any appreciable disturbance 
of the symmetry of the internal magnetic field of the conductor. We 
are thus led to the following result, on which the method about to be 
explained is based :— 


So long as the symmetry of the internal magnetic field of a 
cylindrical conductor ‘remains unaffected, changes in the magnetic 
flux external to the conductor have no effect on the current 
distribution. 


Hence if we suppose our cylindrical conductor divided into a 
central cylindrical core and a number of coaxial shells surrounding 
it, the removal of any number of shells from the outside of the con- 
ductor will not in апу way affect the law of current distribution 
in the remaining or internal shells, since so far as these shells are 
concerned, the flux contributed by the shells which have been 
removed is an external flux. Similarly, the addition of any shells to 
the outside of the conductor so as to increase its diameter will leave 
the law of current distribution in the originally existing shells 
unaltered. 

Making use of this principle, we first approximately determine the 
current distribution in the central core, and then in the successive 
shells which we imagine to be built up around the core, until the 
desired diameter of conductor is reached. We begin by assuming 
a certain current density at the centre of the conductor, and suppose 
that the current density in each successive shell increases at a uniform 
rate from its inner to its outer surface. 

In determining the current densities in the consecutive shells we 


1910.] OF THE SKIN EFFECT, | 489 


shall suppose the current density to be split up into two components, 
which are in quadrature with each other, one of these—the x-com- 
ponent—being in phase with the current density at the centre, and the 
other—the y-component—in quadrature with it. | 

The details of the method will be best understood by considering a 
numerical example. 

Let the conductor be r,ooo metres long, and have a resistivity at 
the working temperature of 1:8 х 107$ ohm/cm. cube. We shall assume 
the standard frequency of 50, and shall suppose the conductor to be 
built up by gradually adding coaxial shells around a central core of 
I mm. radius, the radial depth of each shell being also 1 mm. 

Let us assume a current density of ro amperes/sq. cm. at the centre 
of the core. This gives for the resistance drop per centimetre length 
r8 x 1075 X 10 — 1:8 x 1075 volt, and for the total drop along the 
1000 metres 1°8 volt. We provisionally assume that the current density 
over the central core of 1 mm. radius is uniform, so that the total 
current isr X o'1* X Io— 03142. The value of H at the surface of the 
core is thus 2 x 0'03142/0'1 = 06283, and since Н increases at а 
uniform rate from the centre—where its value is zero—to the surface, 
the mean value of Н is 03142, and the flux linked with an infinitely 
thin filament coincident with the axis of the core is 0'3142 X 10* lines. 
The reactance potential difference corresponding to this flux is given 
by р x flux, where p= 2 т X frequency = 3142. Thus the reactance 
potential difference for the axial filament is— 


3142 X 03142 X 10* X 107? = 0'00988 volt, 


and this potential difference is in quadrature with the current density 
at the axis. Now, at the surface of the core, where there is no internal 
reactance, the reactance component of the potential difference will 
give rise to a current density in quadrature with that at the axis. "This. 
current density is obtained by dividing the potential gradient of the 
reactance potential difference by the resistivity. Thus y-component 
of current density at surface of core— 


==0'00988 x 1075/1:8 х 107$ = 00549. 


The x-component being 1o, we see that the resultant current density at 

the surface is practically identical with that at the axis, but that it is 

00549 
IO 


in advance of it as regards phase by the angle tan~ ==0° 190. 


Assuming the y-component of the current density to increase at a 
uniform rate from a zero value at the axis to the value о'о549 at the 
surface of the core, we find for the total y-component of the current in 
the core the value o'oo115 ampere. This gives for the y-component of 
H at the surface 29 0000115 

VoL. 46. 82 


== 0'0023. 
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The above results may be tabulated as follows :— 


x-component of current density at axis = 4„ == 10 amperes/sq. cm. 
y-component of current density at axis == d,' — o. 

x-component of current density at surface = d, = 10. 
y-component of current density at surface = d, = 00549. 
х-сотропепї of magnetic force at surface = Н, == 0°6283. 
y-component of magnetic force at surface == Н, = 070023. 

Total x-component of current in core = i, == 0'3142. 

Total y-component of current in core = i, = 0'00115. 

Phase displacement of surface current density = Ө = o? 10. 


We next place around our core a coaxial shell of 1 mm. radial thick- 
ness, and proceed to determine the current densities d, and d, at its 
outer surface, the current densities at the inner surface being identical 
with those at the outer surface of the core. Smce the current in the 
shell will give rise to additional magnetic lines, it is evident that if the 
current in the core is to remain unaltered a higher impressed potential 
difference must now be provided, owing to the increased reactance 
of the axial filament. The current distribution in the shell may be 
determined as follows. 

We provisionally assume that the rate of change of d, remains 
unaltered—1.e., equal to zero, so that we still have d, 210 at the outer 
surface of the shell. The total x-component of the current is now 
i; = 1'257.* Hence at the outer surface of the shell we have— 


H, 22 X 0°1257/0°2 = 1257. 


Since Н, as before increases uniformly from zero оп the axis to 1:257 
at the outer surface of the shell, its mean value is 0:6285, and the 
x-component F, of the total flux linked with the axial filament is 
0°6285 x 0'2 X І05 == r257 X 104, The reactance potential difference 
V, is therefore 314°2 X 17257 X 10t X ro~ = 070395. This gives rise 

; __ 0°0395 X 1075 
to a current density d,= ГЕЕВ 
of the shell. 

We thus have d, 22070549 at the inner, and 0219 at the outer surface 
of the shell. From this we find for the y-component of the current in 
the shell the value 0:01376.* Adding this to the y-component pre- 
viously found for the core—viz., o'oor15, we get for the total y-com- 
ponent the value o'or49r. Hence H, = 2 X 0'001491/0'2 == 001491 at 


—0'219 at the outer surface 


* If the current density have the values d, and d, at the inner and outer surfaces 
respectively of a shell whose inner and outer radii are r, and r, respectively, and if 
the density increases at a uniform rate from the inner to the outer susface, then it 
may be shown (by a simple integration) that the total current in the shell is— 


2 (d4 ra + dri) + дут» + darı 


area of shell x 
3(r2 + ri) 


As an alternative method, the current may be determined by a process of graphical 
integration. 
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the outer surface of the shell. If, now, we plot the values Н, =0'0023 
and H, —0'01491 as ordinates against the values o'r and o'2 (distances 
from axis) as abscissz, and draw a curve through the origin and the 
two points so determined, we find for the area of the curve the value 
8x 10-4, This represents the y-component of the flux per centimetre 
length of our conductor, so that the total y-component of the flux linked 
with the axial filament is 80. The corresponding induced E.M.F. is— 


314 X 80 x 10-* = 0:000251, 


which is negligible in comparison with the resistance drop (1:8) along 
the axial filament. It is to be noted that this E.M.F. is co-phasal with 
the axial current density, so that its effect (if appreciable) would be to 
reduce the x-component of the impressed potential difference, and 
hence to reduce d, at the outer surface of the shell, 

The phase displacement of the current density at the outer surface 


of the shell relatively to the axial current density is— 


a 
t 


tan~ = 1° IS. 


0'210 
I 


We now place another shell of 1 mm. radial thickness around our 
conductor, thereby increasing its radius to 3 mm. We again provi- 
sionally assume d, to remain unaltered, and, proceeding as before, we 
find the following values :— 


i, (total x-component of current in conductor) = 2°827. 
H, == 1:885 at surface. 

Е, (total x-component of flux) = 2:827 x 104.’ 

У, (reactance potential difference) =0'0888. 

d, == 0'4935 at surface. 

y-component of current in shell = 0°0574. 

i, (total y-component of current in conductor) = 0'0723. 
Н, = 0°0482 at surface. 


On plotting the value H,— 070482 in the diagram connecting Н, 
with distance from axis, finding the area of the curve as before, and 
multiplying by 05 (length of conductor), we find for the total y-com- 
ponent Е, of the flux linked with the axial filament the value Е, = 366. 
- The corresponding induced E.M.F. is E,=o'oo115. Since, as already 
mentioned, this E.M.F. is in phase with the axial current density, the 
component V, of the impressed potential difference in phase with the 
axial current density is V, — 1:8 — 0'00115— 1°7988. Hence the as- 
sumed value d, — 10 at the surface of the conductor requires a small 


correction, the true value being то x UT = == 9'993. 
The phase displacement of the surface current density relatively to 


that along the axis is tan^' 04935 = 2° 50’. 
9°993 
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We next place an additional shell of 1 mm. radial thickness around 
the conductor, thus making its radius equal to 4 mm. We provisionally 
assume that the rate of change of d, with distance from axis changes 
. by the same amount as before—i.e., by 0007 per millimetre. The new 
rate of change will thus be o'o14 per millimetre, giving for the value of 
d, at the new surface 9:993 — 0:014 = 9:979. The work is then con- 
tinued as before, the values of the various other quantities being 
determined, and a correction being applied if necessary to the 
provisionally assumed value of d, at the surface. 


Fic. 1r.— Variation of Current Density with Distance from Axis. 


By proceeding in this manner we can build up our conductor to any 
desired thickness. Table I. contains the results of the calculation up 
to a radius of 3 cm. 

Some of these results are exhibited graphically in Figs. 1 and 2. 
Referring to Fig. 1, we see that the x-component of the current density 
steadily decreases, passes through a zero value, and then increases in 
the negative direction. The y-component starts from a zero value, 
increases very slowly at first, then more rapidly, passes through 2 
maximum value and decreases. Had we extended Table I. to larger 
distances from the axis, we should have found that each component 
of the current density is represented by a wave which passes through 


| 


| Shell. 


O-I 
I-2 


Millimetres. 
| 
2-3 | 
| 
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—11°450 
—15'740 
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a succession of maxima, zero, and minima values.‘ The total or 
resultant current density steadily increases, and so does its phase angle 
of advance relatively to the current density at the axis. The con- 
nection between the value of the current density and its phase angle 
of advance is clearly exhibited in the polar diagram of Fig. 2, in which 
the radius vector represents the current density, and the vectoríal angle 
the phase angle of advance of the current density relatively to that at the 
axis. The numbers along the polar curve (which is the locus of the 
current-density vector) represent distances from the axis. 

Knowing the current-density distribution, we can easily determine 
Írom it the total power dissipated in a conductor of given radius. For 
this purpose we first plot a curve, as in Fig. 3, whose abscissa represents 
the area of a conductor of given radius, while its ordinate gives us the 


Fic. 2.—Polar Diagram of CurrentiDensity and Phase Angle. 


rate of dissipation of energy per square centimetre of conductor cross- 
section at the surface of the conductor. In order to obtain points 
along this curve, we take the consecutive radii given in Table I., and 
find the areas of the corresponding circles ; this gives us a number of 
abscissz for our curve. : 

To find the corresponding ordinates we multiply the square of the 
current density d in Table I. by 0°18 (= 1'8 x 1075 x 105, the product of 
the resistivity into the length of the conductor). We next proceed to 
find the area of the curve so obtained, this area representing, for any 
given value of the abscissa, the total watts dissipated in a conductor 
whose cross-section is given by the abscissa. On dividing the total 
watts dissipated by the square of the total current in the conductor 
(= i+? + ij), we find its resistance to alternating currents of frequency 
50, and the quotient of this resistance by the resistance to continuous 
currents (calculated in the ordinary way from the resistivity, length and 
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cm. of cross-section. 


pated per sq. 


Watts dissi 


I | 30 
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FiG. 3.—Determination of Power Lost in Conductor. 


Ratio of resistance at som to 
continuous current resistance. 
Ln] 

T 


25 30 


10 I5 20 
Diameter of conductor in mm. 


Fic. 4.—Ratio of Resistances corresponding to various Diameters of 
Conductor. 
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cross-section of the conductor) gives us the ratio of the two resistances. 
This ratio is plotted against the diameter of the conductor in Fig. 4. 
It remains at a value not far removed from unity until the diameter of 
the conductor exceeds 5 mm., then begins to increase, very slowly at 
first, then more rapidly, and after a diameter of 20 mm. has been 
reached, it nearly follows a straight-line law. 

While the effective resistance of a conductor is increased by the 
crowding of the current towards the surface, the effective internal self- 
inductance is decreased by the same effect. It is easy to understand 
this result from general considerations. For if we imagine a cylindrical 
current sheet to start from near the axis of the conductor and to expand 
outwards like a ripple on water, it is obvious that as the sheet expands 
it becomes linked with less and less flux. From the data at our disposal 


Internal reactance of conductor at Soc» 


ШЕ: 20 
Diameter of conductor in mm. 


Fic. 5.—Relation connecting Internal Resistance with Diameter of 
Conductor. 


we can easily calculate the values of the internal reactance corre- 
sponding to various diameters of conductors. For, using Table I., we 
have for the square of the internal impedance the expression 
(Ve + V,?) /(i2 + i?) On subtracting from this the square of the 
resistance to currents of frequency 5o, we obtain the square of the 
reactance, and so the reactance itself. It is to be noted that for 
the smaller sizes of conductors this method does not yield accurate 
results, owing to the smallness of the reactance as compared with the 
resistance. But for the smaller sizes the internal self-inductance at 
5o cycles per second will be nearly the same as that corresponding 
to a uniform current distribution, and this latter self-inductance is 
known to be (in C.G.S. units) 4 per centimetre length of conductor, 
and to be independent of the size of the conductor. Hence the 
internal reactance, in ohms, of a cylindrical copper conductor of small 
diameter 1,000 metres long is 27 X 50 X } X 10—*==0'01571 at a free 


Ф 
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quency of 50. The difficulty of finding the value of the internal 
reactance for small diameters is thus overcome, and we are in a position 
to plot the curve of Fig. s, which shows the gradual drop in the 
internal reactance with increasing diameter of conductor. 

It is hardly necessary to point out that the method described is 
applicable to the case of a long, hollow, cylindrical conductor or tube, 
provided its internal field is represented by circles concentric with the 
tube. It may also be applied to solid or hollow cylindrical conductors 
of iron, and the effect of varying permeability is easily taken into 
account (we suppose the permeability to be uniform for any one shell, 
but to vary from shell to shell). Although the method may appear to 
be somewhat laborious, it has the merit of bringing within the reach of 
any engineer possessing a sound knowledge of the elements of alternate- 
current theory a problem of great complexity, whose solution could 
hitherto only be dealt with by the aid of very advanced mathematics. 
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ANNUAL DINNER, igir. 


The Annual Dinner of the Institution was held in the Grand Hall of 
the Hotel Cecil on Thursday, February 2, 1911. The President, Мг. 
S. Z. de Ferranti, presided at a gathering numbering about 360 persons. 
Among the gentlemen present were: The Right Hon. Lord Justice 
Fletcher Moulton, P.C., F.R.S, Mr. К. Kaye Gray, Past-President, 
Sir T. Barlow, Bart, K.C.V.O., President Royal College of Physicians, 
Mr. A. Siemens, Past-President, President The Institution of Civil 
Engineers, Sir James Crichton-Browne, F.R.S., Treasurer Royal 
Institution, Sir H. H. Cunynghame, K.C.B., Assistant Under Secretary 
Home Office, Professor J. Perry, F.R.S., Past-President, Sir Philip 
Magnus, M.P., Secretary Department of Technology, City and Guilds 
Institute, Professor S. P. Thompson, F.R.S., Past-President, Mr. L. 
Stokes, President Royal Institute of British Architects, Mr. J. 
Swinburne, F.R.S., Past-President, Dr. Gisbert Kapp, Past-President, 
Major-General Sir A. E. Turner, K.C.B., R.A., Mr. F. С. Ogilvie, C.B., 
Technological Department, Board of Education, The Hon. Sir W. Hall. 
Jones, K.C.M.G., High Commissioner for New Zealand, Mr. W. Duddell, 
F.R.S., Vice-President, Mr. W. Н. Patchell, Vice-President, Mr. W. 
Whitaker Thompson, Chairman London County Council, Sir Somerset 
R. French, K.C.M.G., Late Agent-General for Cape of Good Hope, 
Mr. R. Hammond, Honorary Treasurer, Mr. J. F. C. Snell, Member 
of Council, Major W. A. J. O'Meara, C.M.G., Member of Council, 
Mr. Sam Mavor, Chairman Glasgow Local Section, Professor Sir W. A. 
Tilden, F.R.S., Mr. H. T. Butlin, President Royal College of Surgeons, 
Professor T. Mather, F.R.S., Member of Council, Mr. C. H. Wording- 
ham, Member of Council, Lieut.-Colonel H. A. Yorke, C.B., R.E., Chief 
Inspector of Railways, Board of Trade, The Rev. Professor T. G. 
Bonney, F.R.S., President British Association, Mr. S. L. Pearce, 
Member of Council, Mr. H. Faraday Proctor, Member of Council, Mr. 
H. F. Donaldson, C.B., Superintendent Woolwich Arsenal, Mr. A. B. 
Kempe, F.R.S., Treasurer Royal Society, Mr. E. Moon, K.C., Mr. 
T. HardingiChurton, Chairman Yorkshire Local Section, Professor W. 
C. Unwin, F.R.S., Vice-President Institution of Civil Engineers, Dr. 
W. N. Shaw, F.R.S., Director Meteorological Office, Mr. M. J. Railing, 
Chairman Birmingham Local Section, Mr. W. F. Reid, President 
Society of Chemical Industry, Mr. Н. Percy Adams, Professor J. J. 
Dobbie, F.R.S., Principal of Government Laboratories, Mr. J. C. L. 
Coward, K.C., Mr. W. W. Cook, Member of Council, Mr. J. Christie, 
President Incorporated Muncipal Electrical Association, Mr. P. V. 
McMahon, Member of Council, Mr. А. Н. Walton, Member of Council, 
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Mr. W. M. Morrison, Member of Council, Mr. E. Russell Clarke, 
Associate Member of Council, Mr. S. Morse, Associate Member of 
Council, Mr. J. E. Taylor, Associate Member of Council. 

The PRESIDENT gave the toasts of “ His Majesty the King,” and of 
“ Her Majesty the Queen, Queen Alexandra, His Royal Highness the 
Prince of Wales, and the other members of the Royal Family." 

The Ricut Hox. Lorp JusricE FLETCHER MOULTON, P.C., F.RS., 
in proposing the toast of the Institution, said: I find myself in the 
enviable position of a guest, and I reflect that I am not only a 
member of this Society, but that I am an old member of the Council of 
this Society. My memory goes ‘back, I may say, over the whole of the 
great years of this Society. If I had to describe the period in which I 
have lived, I should say that it was the age of electricity. When | 
took my degree at Cambridge, I read in the last few weeks with feverish 
haste a book that had just come out called “ Maxwell's Treatise on 
Electricity," the book which wrote the mathematics and proclaimed 
the ideas which we now see crowned in wireless telegraphy. And 
, When I came to London, having a passion for science, I joined the 
Society which seemed to me to most nearly devote itself to that sub- 
ject, the society that was called the Society of Telegraph Engineers. 
They were very proud of themselves, and quite rightly so. They had, 
as the triumphs of the men who were prominent among them, such 
things as Wheatstone's wonderful telegraphic instrument and Pro- 
fessor Hughes printing telegraph ; and that was, I may say, the idea 
of the world on the subject of the scope of electricity. And what have 
I seen in my time? The first indication of the dawn of the great work 
of electricity in the world was the discovery of the telephone—that 
electricity which we knew could convey signals at a distance along 
telegraphic wires was capable of transmitting the most marvellously 
minute forces, so minute that no one has ever been able, numerically, | 
to measure them ; and to reproduce at any distance acoustic vibrations 
accurately enough to make you recognise the voice of a living person. 
Well, that was the wonder of thé world for a time. Who would have 
thought that electricity could have done this? Just at that time certain 
patents were almost running out which had been scarcely heeded by 
the world, the patents for the dynamo. Those who thought began to 
say—electricity is not only a delicate thing that can send signals. It 
can be used for power if needed. But still the feeling that something 
great was coming out of this new machine that supplanted the old 
electric battery, and that gave us current which we might make great 
by making our machines on a large scale, certainly called the attention 
of the world about 1880, to the question. Then there came what to 
my mind is the great event in the development of the practical work 
of electricity, the Exhibition of 1881 at Paris. I remember going there. 
and now as I look back I can see that the germs of everything but one 
of that which clectricity has since done were to be seen there. We 
saw the electric light—the heated filament, heated to a temperature 
which made it brilliant. We saw the arc lamp. It was still in its 
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babyhood, and it blinked апа winked. I remember that outside the 
Exhibition there was a car that ran up and down with a trolley, just 
as we see now in hundreds of thousands of miles all over the civilised 
world, just to show that electricity was equal to the task of traction. 
In one corner I remember there was an electric lift, and in another 
there was a circular saw that was driven by electricity ; so that at that 
time all the ideas of transmission of force by electricity were present, 
though in their babyhood. Information is telegraphed from every 
part to the great central towns ; orders are telegraphed from the great 
central towns to every part of the country. But 1881 marked the time 
when electricity stepped forward from being merely the nerves of the 
social world—it became its muscles. We realised that power was now 
the domain of electricity, and that power could be transmitted, just as. 
of old knowledge could be transmitted. From that time I have seen 
gradual growth in scale of these services. I remember the early 
struggles for leave to put down electric light installations. I remember 
the greed with which the municipalities tried to rob the pioneers of 
all chance for a good return for their enterprise. I saw this country 
kept back for six years, the most important six years in the industrial. 
development of a country that have occurred in my life—kept back 
while Germany and America got ahead of us, simply because there was. 
that terror lest those who came first into the field might reap a remu- 
nerative harvest. But still electricity has borne all those set-backs. We 
have seen, as we saw at that time, electricity using its power of de- 
veloping heat at any point of the circuit. We saw it then giving the 
electric light. What do we see now? We see not only electric. 
furnaces, but we see the power of electricity brought down to such a 
commercial use that we are having steel refined by it, and according. 
to the papers I read, even economically refined by it—on such a vast 
scale can it be used. The traction that we saw, or the transmission 
of power, has grown to such enormous proportions that I think the 
last case on which I had to exercise my judicial faculties was the case 
of applying the delicate electricity that I knew originally only in. 
connection with the telegraph to the brutal work of rolling mills, 
which required at certain moments a squeeze of 15,000 H.P. What 
will be done in the future I do not pretend to prophesy. But what I 
feel is that no thoughtful man can look upon electricity otherwise than 
as being capable of dealing with the smallest as well as the greatest 
tasks of mankind. АП that has been done within the last thirty years.. 
And in addition to that there has been a development the future of 
which it is impossible to foresee, but which was not dreamt of, I think,. 
or prophesied by any other person than by the great James Clerk. 
Maxwell. James Clerk Maxwell realised the vibrations in the electro- 
magnetic field ; he pointed out that they were capable of explaining. 
light, and he left the theory of those vibrations in such a perfect state 
that when that much-lamented genius Hertz discovered the Hertzian 
waves it came to all those who had studied mathematical electricity: 
only, as it were, as the fulfilment of a prediction. I do not know what 
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that is coming to, but as far as I can see in a month or two we shall 
find from the Eiffel Tower British time shouted all over the world. 
Such are the practical developments which I have lived through. But 
there are triumphs equally great in the unpractical world. Electricity 
used to be looked upon as a kind of luxury in which the material 
universe occasionally indulged. It was always contrasted with chemical 
action, with mechanical action. But while it has been developing its 
power in the industrial world, it has also been showing that it is 
probably the secret cause and the unknown guide of all the changes 
that go on throughout the universe. The chemist speaks of it with 
deep respect, and generally with profound ignorance. The nan who 
tries to investigate the mysteries of matter is beginning to think that 
not only is electricity an important agent, but really he is inclined to 
-abandon the theory that matter exists, and looks upon it as a kind of 
stolid form of clectricity. 

When I knew this body first it was the Society of Telegraphic 
Engineers. Soon a sort of revolt came, and the next time I remember 
seeing the name it was the Society of Telegraph Engineers and 
Electricians. Now this has blossomed into a still more sonorous title. 
You feel that your world has increased, and therefore that it is a proper 
occasion to change your name, 

With this last toast I have the honour to couple the name of the 

President, Mr. S. Z. de Ferranti. In theearly days he was one of the first 
to appreciate the possibilities of electricity. Hesaw how great it would 
grow up. The only complaint I have ever heard of him in my life is 
that he had such a high opinion of the little baby that he wanted to breech 
it too soon. Of all those that I have met, I know of no man whose 
imagination and foresight was clearer. He always knew how great a 
thing electricity was to be. And, remember, I have met him in all 
connections. I have met him as friend, I have met him as foe ; I have 
met him when he was teaching me, I have met him when I unsuccess- 
fully tried to teach him ; and all I can say is that, whether in the courts 
‘or whether out of the courts, wherever it has been, his clearness of 
thought, his knowledge, his power of invention (and there I am not 
referring to the courts !) and his courtesy have distinguished him and 
made him always one of those figures that I like to call back to my 
mind and think of as a representative of your great and growing science. 
You owe much to him. The character of the English nation is that 
the progress it makes it never lets go, but it is not always the first to 
see the possibilities of things. Therefore a man like your President 
was a man not only wanted, but, I am happy to say, valued among the 
electricians of England. And it was not only for his mental qualities 
that he was so esteemed and so much cherished. It was also from the 
charm of his manner and person which I think all who know him will 
say was unrivalled. Gentlemen, I propose the health and future 
prosperity of your Institution, coupling it with the name of your 
President. 

The PRESIDENT, Mr. S. Z. DE FERRANTI : I must first of all thank 
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Lord Justice Fletcher Moulton for the very kind way in which he has. 
referred to me in his brilliant speech this evening. I must, secondly, 
thank him for the most interesting discourse which he has given us, 
and for the way in which he has taken us back to the past and to the 
beginnings of electricity, with which he has had so much to do. 
Let me first of all speak to you about the Institution. Since our 
last Dinner, more than a year ago, the most important event that has- 
happened, so far as the Institution is concerned, is that we have now 
come into possession of our new home on the Embankment. The 
building, as many of you know, is a fine one, and is fitted up in such 
a way as to be exceedingly useful for the purposes of this Institution.. 
But, seeing the importance of the interests which we represent, and. 
of the work which we most assuredly do in the interests of electricity, 
those premises are none too large and none too good for what we have 
to do with them. With regard to the Institution itself, as you know, it 
is growing rapidly, and the attendance this evening is a sign of its great 
growth, as we are four hundred strong to-night, as against about three 
hundred in former years, or, perhaps, it is a sign of the more general 
interest that is being taken in electricity, and in our proceedings 
especially. Now that we have settled down to work in our own 
building, we have a considerable load off our minds in that direction, 
and we can, therefore, turn to consider other things concerning the 
conduct of the Institution—what it should endeavour to do in the 
interests of electrical science, and what it should also endeavour to 
do for the benefit of the interests of its members. I am afraid it 
is thought by a good many that the Institution is not as useful as. 
they think it ought to be in regard to themselves. Some say, “ What 
is it worth to me to belong to this Institution? What good has it 
done for met” Well, gentlemen, I can only say that there is a 
very definite, and I think satisfactory, answer to that question. This 
Institution would not have rapidly grown to a strength of over six 
thousand members unless it were of some use to those who belong 
to it. But this does not say that the Institution might not possibly 
be more useful in many directions than it is, and what I wish to assure 
you is that that question is occupying our most earnest attention. It 
may be considered, and it is perhaps justly said by some, that this. 
is a purely scientific Society ; but science is much bound up with other 
things, and I am very doubtful as to whether what I have just said 
is the meaning of the constitution of the Institution of Electrical 
Engineers. If you look into the Articles you will see that it is, broadly 
speaking, to further electrical interests. Now those are many and 
diverse, and it is the very diversity of those interests which has made 
people connected with the Institution, Members of Council, and former 
Presidents, afraid of dealing more definitely with this subject, because 
it seemed impossible to legislate beneficially for or affect the different 
interests concerned. But that is not my view. Personally I think there 
is but one interest. There are no divergent interests in the industry 
and in the things it is connected with. What we want is progress and 
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prosperity. The prosperity of one section will react beneficially upon 
'the other. Iam sure there is much good work that can be done and 
that should be done, and I can only say that I have every confidence 
that a careful, possibly lengthy, consideration of this subject, may 
result in our being, as an Institution, able, I hope, to do more for the 
individual and more for the progress and prosperity of all branches of 
the industry. 

With regard to the present condition of electricity in this country, 
4 cannot say that I look upon it as satisfactory. There is much that 
we should wish to be different. I have thought over this question, 
and no doubt many of you have thought over it, and wondered why 
it was that, notwithstanding the great progress that we have made, the 
great works that we have and carry on, electricity was not generally 
more satisfactory in the way of the return furnished by it for the work 
done, and the money expended upon it ; why, in fact, there was nota 
higher level of prosperity considering what electricity was, the benefits 
it conferred, and all its numerous possible applications. 

In considering that matter I would call your attention for one 
moment to other great industries. Take, to begin with, the railways. 
There was great opposition to the introduction of railways in this 
country, Fortunately this country was practically the first to start 
railways. Things travelled much more slowly in those days, and the 
harm which that opposition would have done was limited. But rail- 
ways were such a great thing that they triumphed, and we were the 
nation who first made railways practicable. With what result: 
Gentlemen, the result was that we built the railways and the railway 
material for the world, and that continued for a long time. That was 
the result of our getting in first; that was the result of railways 
not being killed before they had a chance to live properly. Take 
another very similar case. We started the great textile industry in this 
country. That was a thing which, not wanting concessions, not 
wanting public rights-of-way, not wanting powers of Parliament, was 
not affected in such a way as to be prejudiced, as to be retarded, as to 
be practically killed. The textile industry flourished ; it became a 
very great'thing; we became the textile producers of the world. 
Later on we not only produced textile material, but as other people 
were beginning to do some of the textile work for themselves we 
furnished practically the whole of the machinery for the world's 
requirements. That is a second great industry. 

Now take another, not so great as either of those, but still of 
immense importance—the motor industry. What do we see there? 1 
believe, to be correct, that the first steam omnibus was a conveyance 
run between Paddington and the Bank about the year 1834. Just 
picture this to yourselves, and think of what has happened since. 
That was a case where vested interests and various other interests 
brought to bear upon it effectively killed the industry. We were the 
pioneers: we had started the thing; we might have had the trade of 
the world. In their wisdom the people killed it. A number of years 
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went by and mechanical traction remained dead. Eventually it was 
taken up in Germany, and immensely developed in France, and France 
became the suppliers of the road traction machinery of the world. 
We have had millions of pounds worth of motor-cars and the like - 
from France, whilst we have had unemployed workmen walking about 
our streets. Further, we had not only to buy from France and the 
Continent the whole of the motors we wanted for the first few years, 
but we were not doing the world's trade in them as we have been in 
supplying the material for the railways and the machinery for the 
textile industries. I have referred to three great industries, and you 
see the immense benefits that the two which managed to get through 
without interference, and which survived, conferred upon us in adding 
tothe wealth of the country. But the third one was killed—there is 
no other way of looking at it—absolutely killed, and the result was that 
we were out of the business, and had to go to other countries for our 
requirements. 

Now take the case of electricity. In this country there were 
pioneers, and there was the best of work done in the very early days. 
But what had electricity to face? There was one thing which we 
could nat complain of, certainly, and that was a well-established and 
most prosperous gas industry. That was fair competition which 
would have to be met in any case, but it puts us at a great disadvantage 
in relation to countries like America, Switzerland, France, and Ger- 
many, when there was much less competition in the way of established 
gas industries. Those countries in consequence were able to progress 
and develop by continued practice in the application of electricity in a 
way which was altogether beyond our reach. They became very 
skilled, very expert, and very successful in the production of electricity 
and all the things connected with it. There was another thing which 
adversely operated against electricity in this country, the municipal 
idea, which is largely tied up with the idea that no one shall make a 
profit out of anything—itis to be for the good of the people. Granted, 
the good of the people is right ; but I contend that it has not served 
to a very great extent the good of the people. I contend that in many 
ways it has done far more mischief than good. We have it estab- 
lished now on good lines, but what was the effect of it in the past? It 
was this: Lord Justice Fletcher Moulton has called your attention to 
the fact of there being six barren years in the development of elec- 
tricity in this country, whilst the other competing countries, our 
neighbours, were going rapidly ahead and strengthening their position 
by increasing their knowledge and resources with regard to electrical 
matters. The municipal idea of no promoters being allowed to make 
a profit, and of the thing being kept for the benefit of the munici- 
palities, retarded us, and it is impossible for us ever to know what we 
lost in the way of world position in electricity in consequence. Then 
there was another sad thing that occurred which stopped our progress 
in a very unfortunate manner—the Tramways Act. The tramways 
originally, as regards development, were badly treated in this country. 
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W en horse traction with cars on wheels was started, there were 
grea difficulties experienced in getting concessions. The whole 
thing was grudgingly done ; in fact, the tramways were hardly given 
` a chance to live. These companies who had even these poor con- 
cessions managed to go on, and many of their concessions had not 
run out when electrical tramways should have been started in this 
country. The companies themselves had not the power to put down 
electric traction. ‘The municipalities who wanted the undertakings 
would not help them, or, at any rate, that was so in the majority of 
cases, and the result was that the introduction of electric traction into 
this country was very greatly delayed. What was the cffect of this? 
The Continent and America got immense practice in this art whilst 
we were doing nothing, with the result that they were given an 
immense start, an advantage over us, and we were handicapped with- 
out good reason, and much to the detriment of the prosperity of this 
country. How were the people served in this way by cutting off 
natural industry, by cutting off possible manufactures in this country, 
simply with the idea that the municipality must have all there was 
in it, and that individuals must not make a profit out of the people? 
Those are things of the past. But, unfortunately, they have left their 
mark, and I think they are largely responsible for electricity not 
being in a far more advanced and prosperous condition in this 
country than it is. I do not want to belittle in any way all the good 
work that has been accomplished ; I do not want to belittle our 
electrical advancement and progress, the goodness of our machinery, 
the fineness of our installations, the cheapness with which we gene- 
rate ; but I say that if we have been capable, under these handicaps 
and disadvantages, of doing this, what should we have done if we had 
had a fair chance? 

We must take thingsasthey are. We must set to—not that we have 
not already done it to a large extent—ever afresh and see how we can 
overcome the difficulties and disabilities which the past has imposed 
upon us, how we can make electricity progress ; how we can make the 
industry more prosperous, and therefore more beneficial to all concerned 
in it. Itis not selfish if we think of it in the light of it being beneficial 
to our good selves of the Institution of Electrical Engineers, because 
I am quite sure that any electrical progress that is made will be to the 
immense benefit of the country atlarge. I think the position is summed 
up in this manner: there must be no idea that the municipality is 
hostile to the manufacturer, or that the manufacturer is trying to take 
an unfair advantage of the municipality. There must be a cessation of 
this fatal idea of no profit or a bare livelihood tobe got out of electricity. 
That does no one any good. How are the suppliers of electricity, the 
great corporations, the municipalities, the public companies to benefit 
by getting their machinery at bed-rock prices if it creates an im- 
poverished electrical industry? What is the effect of an impoverished 
electrical industry? It means this, that there is no moncy available for 
spending on those great experiments which alone can carry us to a 
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cheaper generation of electricity, and the knowledge for the more 

. general use of it. Where is the money for these developments to come 
from if the industry is to be starved by being beaten down to practi- 
cally no profit in its work? I say, and say it most emphatically, that 
there could be no greater injury thrown upon the buyer and user of 
electrical machinery than this idea that you must buy in the cheapest 
market. Again, the idea of absolutely unlimited competition on prices 
alone, as we know it to-day, is wrong from every pointiof view. Why 
not look somewhat in another direction, and all of us influence those 
who can help? Why not look at it more from the point of view of a 
competition of excellence? How little else is there done in most of the 
specifications that are issued except to try and beat everybody down 
to the dead level of, I might almost say, Trades Unionism. We are told 
by Trade Unionists that they do not level down, that they level up. 
That is the difference then. But 1 say, why attempt this beating-down 
process where we could gain so much more by making a competition of 
excellence, so as to get a better article and an article which people who 
buy things to make money from, know is the right principle to adopt— 
something that will pay in the long run, something that will be best over 
a period of years? 

Gentlemen, I have kept you long enough, and I only wish to say this 
to you in conclusion. If we can get more reasonable ideas; if we can 
follow either the course I have suggested or some other course which 
will put electricity, and all matters connected with it, on a really 
sounder basis, then surely there will develop a thing I spoke to you 
about not so very long ago—the all-electric idea. I am sure that that 
is not a thing in the very far distance. It is the thing which, the 
moment we obtain only a little more knowledge, will make us progress 
all the more rapidly towards the ideal which I laid before you. If we 
can do anything to bring that about I am sure that we shall have 
secured prosperity for this Institution, prosperity for its members, and 
vast benefit and good to the country at large. 

Mr. SaM MavoR, in proposing the toast of ‘Our Guests,” said: 
Mr. President, my lord and gentlemen, I believe I owe the pleasure 
of being permitted to propose this toast to the desire of the Council to 
associate as far as possible the Local Sections of our Institution, and I am 
sure that will be greatly appreciated by the Local Section of Glasgow, 
which I have the privilege to represent. We have a wide and ever-widen- 
ing field from which to draw our guests. The activities represented by 
our Institution affect, as Lord Justice Fletcher Moulton so eloquently 
said, nearly every field of our national life. Statesmen, administrators, 
the navy, the army, commerce, industry, civic, social, and domestic 
life are all in a growing degree affected by the application of electro- 
magnetic phenomena. We have among us to-night many old friends 
and some new ones. To our great pride, we are entertaining among 
our guests several of our own members as distinguished representatives 
of other spheres. Lord Justice Fletcher Moulton, as he has already 
said, is one of our oldest members, and it is interesting to know that 
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in his early gladiatorial days he won much of his distinction, and all our 
admiration, in cases of special interest to our profession. Another 
of our members whom we have the honour to entertain to-night, is 
Mr. Alexander Siemens, President of the Institution of Civil Engineers, 
whom we congratulate on having attained the blue riband of the 
engineering profession. We have also with us to-night representatives 
from the daughter nations over seas ; of the naval and military service ; 
of many kindred societies, and others associated with public life. I 
have the further pleasure of associating with this toast the name of 
Mr. Leonard Stokes, the President of the Royal Institute of British 
Architects, whose name is almost a household word in this country, 
and is identified with many of our most notable public buildings. 

Mr. LEONARD STOKES (President of the Royal Institute of British 
Architects) responded on behalf of {һе guests. 
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Proceedings of the Five Hundred and Fifteenth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 


January 26, 1911—Мг. S. Z. ре FERRANTI, 
President, in the chair. 


The minutes of the Ordinary General Meeting, held on January 
I2, 1911, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in thc Hall. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members— 
George Henry Gibson. Walter Hudson. 
Frederick John Holmes. Wilmot Ernest Lanc. 
Andrew Home-Morton. Gustavus F. Moller. 

Noel Burn Rosher. 


From the class of Associates to that of Members— 
Rupert Stanley Allen. | Louis Boniface Wilmot 


From the class of Associates to that of Associate Members— 
Eustace R. Conder. | Henry Montagu Lyons, 
Lieut. Clement E. Vines, К.А, 
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From the class of Students to that of Associate Members— 


Arthur Barratt. Lionel John Lepine. 
William Leighton Chubb. Marcus MacDonald. 
Lionel H. C. Dermer. Arthur C. Morrison. 
Reginald Glanfield. Augustus R. P. Price. 
Birendra Chandra Gupta. Frank Shaw. 

James Park Hacking. Frank W. Timmis. 
Robert H. F. Houstoun. Harold Edgar Webb. 
Thomas Moore Kirkby. Louis Theodore Young. 


Messrs. F. N. Haward and A. P, Haslam were appointed scrutineers 
of the ballot for the clection of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Members. 
Harry Augustus Couves. | Sydney Bryan Donkin. 
As Associate Members. 

John Alsing. | Edgar Williams Newton. 
Francis Herbert Briggs. Patrick Alfred Paris. 
Tringad Knight Evans. Thomas Duncan Parry. 
Frederic William Francis. George Richman. 
William Henry Freemantle. George Rogers. 
James Wilkinson Heaney. Walter Richard Rothenberg. 
Duncan Fraser McIntosh. William Verity Ryder. 
Francis McMorrough. Robert Page Stewart. 
Edward Ernest Moore. John Duncan White. 


William Norman Wilson. 


As Associate. 


Rowland Lewis Goold. 


As Students. 


John Vivian Buckley. Bernard Samuel Lion. 
Richard Cowell. Rashbehari Nandi. 
Douglas Harold Green. Alexander Neilson. 

Daniel Harrop. James Frederick Perrin. 
Frederick Cecil Heayberd. Cyril Ernest Robertson. 
Stephen Holmes. Hugh Dunkerley Shaw. 
Leon Pierre de Graaff Hugo. H. Cecil Simmons. 

Philip Sydney E. Jackson. Douglas Horace С. Smith. 
Ernest George James. Norman Stell. 

Leonard Seth King. Kenneth Alderson Ward. 


Madhav L, Kshirasagar. William A, Woodrow. 


1911.] _ DONATIONS TO LIBRARY. 509 


Donations to the Library were announced as having been received 
since the last mecting from Blackie & Sons, Ltd., The Board of Edu- 
cation, Dr. H. Borns, Crosby Lockwood & Sons, A. G. Ellis, E. Gerard, 
E. G. Hiller, J. Mascart, J. Poole, S. Rentell & Co., Ltd., The Executors 
of the late Theophilus Smith, The Smithsonian Institution, E. and F. N. 
Spon, Ltd., Svoriges Allmanna Exportforening ; to the Museum from the 
Daily Telegraph, Major W. A. J. O'Meara, C.M.G., Siemens Brothers & 
Co., Ltd., Sir Joseph Swan ; to the Building Fund from B. Balaji, H. C. 
Channon, S. E. Glendenning, Н. Hirst, A. Hutchinson, Sir Н. B. Jackson, 
H. W. Kolle, C. F. B. Marshall, Professor J. T. Morris, W. R. Rawlings, 
J. H. Rosenthal, M. Solomon, Sir Joseph Swan, H. W. Turner, T. C. T. 
Walrond, A. Wright, H. W. Young ; and to the Benevolent Fund from 
H. Alabaster, O. H. Bishop, I. Braby, A. Denny, W. Duddell, S. 
Evershed, F. A. Greene, D. Henriques, H. Hirst, S. H. Holden, 
W. Judd, Н. W. Kolle, E. de M. Malan, Sir Н. C. Mance, C. Е. B. 
Marshall, C. H. Merz, C. C. Paterson, W. R. Rawlings, S. G. С. 
Russell, Е. Smith, J. B. Smith, A. P. Trotter, К. J. Wallis-Jones, 
T. C. T. Walrond, W. A. Walton, J. G. Wilson, and C. H. Wording- 
ham, to whom the thanks of the meeting were duly accorded. 


The following papers : (1) “ Modern Long-distance Transmission of 
Electrical Energy," by Mr. W. T. Taylor (page 510), and (2) “ Extra- 
High-pressure Transmission Lines," by R. Borlase Matthews and C. T. 
Wilkinson (page 562), were read and discussed, and the meeting 
adjourned at 9.45 p.m. 


510 TAYLOR: MODERN LONG-DISTANCE [ Jan. 36th, 


MODERN LONG-DISTANCE TRANSMISSION OF 
ELECTRICAL ENERGY. 


By WILLIAM T. TAYLOR, Member. 


(Paper received November 7, 1910. Read before the INSTITUTION Fanuary 
26, 1911 ; before the NEWCASTLE LOCAL SECTION Fanuary 30, 1911; 
before the MANCHESTER LOCAL SECTION Sanuary 31, 1911, and before 
the YORKSHIRE LOCAL SECTION February 15, Igri.) 


[In the absence of the Author in South America, the paper was read on his 
behalf by Mr. J. Е. С. SNELL, Member of Council. ] 


As a notable example of long-distance transmission to a small con- 
sumer the Central Mexico Light and Power Companies have rccently 
constructed a steel tower line 78:5 miles for an operating voltage of 
100,000 to the city of San Luis Potosi, which is approximately 200 miles 
from the nearest generating station, the maximum load at the present 
time at this receiving end being 1,200 k.w. Before entering into the 
contract it was thoroughly worked out by the company's engineers in 
Mexico and in Colorado (Central Colorado Power Company), who 
found that the proposition was a paying one. ОЁ course, this was not 
the only thing the company had in view before going in for a con- 
cession and an expensive transmission line and sub-station ; neverthe- 
less, it was the only consumer at the time. Since then another receiving 
station has been developed at San Filipé. 

Not long ago—during the time much discussion was going on about 
developing an hydro-electric power system at Victoria Falls—quite а 
number of engineers werc in favour of high-voltage direct-current trans- 
mission. As regards the transmission line only, one realises that there 
is much in favour of direct current, as for instance :— 


(a) Insulators and strength of towers are reduced to a minimum. 

(b) The number of conductors is reduced to two at most (pro 
bably only one if a grounded return is uscd). 

(с) The number of insulators is reduced, and consequently there 
is less opportunity for breakage and interruptions. 

(d) Size of insulators reduced to 30 per cent. of those correspond- 
ing to the maximum alternating-current voltage. 

(e) Power factor of the line unity. 

(7) Self-induction of the line reduced to zero. 

(g) Charging current of the line reduced to zero. 


The drawback of the high-voltage direct-current system is the com: 
plication at the generating and receiving stations, otherwise it 
would probably become universal practice. Probably the day » 
near at hand when direct-current long-distance transmission systems 
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will be made as simple as the present day high-voltage alternating 
current long-distance transmission plants. 

In considering the general feasibility of a long-distance transmission 
system the engineer is first called upon to furnish the data upon which 
the design, construction, and operation will be based. It is very 
important that accurate estimates of the earning power of the project 
should be made. Factors such as government contracts, future exten- 
sions, legislative limitations, and general legal matters are gencrally 
left to the financial administration. 

In considering the transmission line only there are few conditions 
except the distance and the amount of power to Бе transmitted that 
limit the feasibility from a financial point of view. Of course, con- 
ditions such as passing over a mountain covered throughout the year 
with snow and subject to dangerous slides, or crossing a dangerous 
and expansive jungle, affect the conditions of transmission, the 
economy of any line being taken as the ratio of annual expenditure 
to the total receipts from the system. 

Two of the most interesting factors in the transmission of electrical 
energy to be taken into account are those of (a) line-drop (regulation) 
and (b) the size of conductor necessary for a given drop. They are 
closely related to each other, and depend upon the line voltage. 

Experience has shown that the weakest link in a long-distance 
transmission system is the line itself. Whatever the source of power 
may be, and however good the mechanical and electrical construction, 
the line will be subject to all sorts of accidents to which none of the 
apparatus and equipment on the system is liable. It will be exposed to 
rough atmospheric conditions, and open to malicious interference by 
the wilful breaking of insulators and short-circuiting of the lines 
through pieces of wire, branches of trees, and other articles thrown 
across the line. 

It is sometimes found that the increased cost of apparatus necessary 
for increasing the transmission voltage is not counterbalanced by the 
saving in copper, and even where the saving justifies a higher voltage 
it is important to inquire into the possibilities of trouble from the use 
of a higher voltage. "This is especially the case in severe climates, as, 
for instance, near the sea or in snow-bound regions. In such climates 
there may be more frequent interruptions of service and the extra 
expense of maintenance as result of punctured insulators, extra patrol 
houses and patrol men, and probable extra installation of line switches, 
may be greater than with the use of a lower voltage. 

Under some conditions, as found from experience, it is much better 
to adopt a lower voltage with more line copper, or an extra heavy 
insulator designed for 110,000 volts but only used for 60,000 volts, than 
to run the risk of repeated interruptions. 

The ratio of the leading or lagging currents can be controlled by 
adding clectrostatic capacity (condensive reactance) to the line in the 
form of synchronous generators, preferably at frequent intervals along 
the line, or by adding inductance (inductive reactance) by the use of 
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non-synchronous apparatus. Condensers may be connected across the 
line, or inductance coils may be connected in series with the line, in 
which case they may be switched in or out, one or more at a 
time, as the desired balance with change of load is found necessary. 

As a transmission line has both resistance and reactance, the voltage 
at the recciving station will change with every variation of load, because 
а сегіаіп portion of the voltage at the generating station is absorbed 
in maintaining the current in the line, and as the current varices with 
the load, the voltage drop in the line will vary, and either the voltage 
at the generating station or that at the recciving station must change. 
In practice it is always sought to keep the voltage at the receiving 
station as constant as possible, which may be accomplished by chang- 
ing the voltage at the generating station in proportion to the varying 
load. This may also be accomplished by changing the power factor to 
compensate for the variations in the drop of voltage. 

In the case of lightning discharges, the frequency may be thousands 
or even millions of cycles per second. In the case of switching, arcing, 
grounds, ctc., the changes in voltage are practically instantancous on 
those parts of the line nearest to the point where the switching or 
grounds occur. 

So far as further increase in voltage is concerned for transmission 
lines, it appears to be limited by the production of corona. A very few 
years ago the limit was based on the line insulator, and previous to that 
period the power transformer was the limiting clement. It is possible 
that the limits imposed by the corona (which depend on the diameter 
of the conductor used, the distance apart of conductors, the voltage 
impressed on the line, and the average atmospheric conditions) might 
prove to be a considerable factor in the choice between copper and 
aluminium transmission lines, aluminium having for a given resistance 
per mile a 30 per cent. larger diameter than copper. In order to reduce 
this corona it is necessary to increase the outer diameter of the copper 
conductor or to substitute copper tubing for solid copper. 

To reflect and check surges on transmission lines choke coils have 
been used to some advantage for many years back, their effect being 
measured by the value of inductance and insulation. If the inductance 
of the coil be of small value a corresponding reflection will take place, 
thus allowing the surge to pass through the coil and continue to the 
apparatus beyond. A better way of protection is afforded by using 
both choke oil and extra heavy insulation on the entering turns of the 
high-voltage transformer. 

The lightning arrester is advantageous for the protcction of 
apparatus from surges when set correctly. The effect on the line 
caused by a flash-over of the lightning arresters may cause a heavy 
disturbance on the whole system, since the reaction set up tends to 
increase the current on the line in proportion to the square of its 
original value. The higher the voltage the less will it be affected from 
this cause on account of the smaller current flowing for any given 
amount of power. 
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In the early days of long-distance transmission work the formulz 
used for the calculation of line reactance, self-induction, capacity, 
regulation, and amount of copper necessary for a given drop, were very 
tedious. In fact, it is only within the last few years that transmission 
line calculation has been simplified, and applied by the transmission 
engineer to actual conditions. The author calls to mind his experience 
some years ago when connected with the California Gas and Electric 
Corporation, which had at that time a few hundred miles of 60,000-volt 
transmission line, and the then method of calculation for line reactance, 
size of wire, capacity, regulation, etc. Although the general formula 
used were long and occupied a great amount of time, they were 
surprisingly accurate for all practical purposes. 

To all those not familiar with the old formula it may be of ТРЕ 
to know how the early transmission engineers got their results. 
Generally they had some physical data at hand, such as the kilowatts 
to be transmitted, the voltage of the line, spacing of wires in fcet 
between centres (wires being set at the points of an equilateral triangle), 
distance of transmission in miles, assuming a power factor and 
percentage loss of an average value. From these data the size of wire, 
self-induction, capacity, and charging current could be calculated, and 
finally a diagram made of the regulation of the line. 

The percentage loss of the delivered load at the end of the line was 
found from the expression :— 


P _3Rx100 , W _ DW x 108 x roo 
ECT NN 3 E?cos?¢ CM х cos?¢ x E? 

Р —3Rx 10 W _DWx 17'4 X 100 
id — aN 3 E cos? СМ х cos?¢ x E? 


the conductivity of aluminium being taken as 62 per cent. that of 
copper; E being the voltage at the end of the line, W the kilowatts 
delivered to the end of the line, R the resistance of one wire, cos ¢ the 
power factor of the load, D the distance of transmission in feet (one 
way), C M the area of conductor in circular mils, and the constant 10:8 
for copper the resistance of 1 mil-foot. 
Substituting С М for Р, the size of wire, for copper, is— 
D W x 10°8 x тоо 

em P x cose х E? ' 
and for aluminium— 
DW x 174 X 100 

Р x соѕф х E? ` 
The self-induction of one wire was taken from the formula— 


t dI D. 
L = -}; x 0000558 (2'303 log. x +) x zu: 


СМ = 


where— 
L is expressed in henries. 
d is distance between conductors in inches. 
7 is radius of conductor in inches. 
D is distance of transmission in fcet (one way). 
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The formula for capacity of one conductor, expressed in micro- 


farads, was— 
0'0776 + $280 


С = | " 
2:08, E 


The charging current was then obtained from the expression— 


_CEx2wf 
= 2 x 108 


Power component, from I cos ¢; and the wattless component, from 
I sin ф. 
The drop in voltage due to the power component of the load was 


expressed as— 
Resistance drop = + I cos 9 R, 


and— 
Reactive drop = —jIcos$L w. 


The drop in voltage апе to the wattless component of the load current, 
as— 

Resistance drop = +j Ising R, 
and— 

Reactive drop = + IsingLw. 


The voltage drop duc to the charging current, as— 


Resistance drop = — j XE 
and— 
Reactive drop = — exi, 


А diagram was then made from the above data, Something after 
that shown in Fig. т. 

For a number of years past it has been generally known that 
the capacity current taken by the line raises the voltage at the 
receiving station above that at the generating station, the increase 
being more marked the greater the capacity current and the longer 
the transmission. It has also been known for many years past that a 
reduction in the frequency will reduce both the charging current and 
the inductance of the line, also changing the size of line conductors, or 
increasing or decreasing the spacing of conductors of the line will have 
but very little effect on the charging current and inductance. 

On long-distance and important systems (such as 100,000 k.w. at 
135,000 volts), a condition to be expected in the near future, the author 
is of opinion that split conductors will be employed—that is, two or 
more conductors constituting each phase of the transmission system. 
These conductors will be supported on separate insulators throughout 
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the entire length, and only connected in multiple by means of 
switches at such points on thc line as will facilitate continuity of 
service. 

By such an arrangement the electrostatic capacity of the entire 
. line would be increased and the inductive reactance decreased, and 
interruptions of service from any cause reduced to a minimum. The 
flexibility of the system would be the most reliable that could possibly 
be obtained, as separate and independent loads would be carried over 
cach set of conductors, and under ordinary conditions of load the 
regulation of the system would be greatly improved. 

Of course, such an arrangement is not unlike our present trans- 
mission lines when run in duplicate, tied together where experience 
finds convenient and sectionalised at important points. Although thc 
arrangement of existing transmission lines, taking the largest апа 


by 


Fic. 1.—Regulation Diagram. 


voltage at the generating station. 

voltage at the receiving end when delivering full load. 
resistance drop due to power component. 

reactive drop due to power component. 

resistance drop due to wattless component. 

reactive drop due to wattless component. 

resistance drop due to charging current. 

= reactive drop due to charging current. 
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longest, are important and noteworthy, the author believes that the 
very near future will see developments where branch lines will be 
longer than the present longest main lines, and generating and receiv- 
ing stations will be far larger than those in existence. The longer and 
more important transmission lines become, the nearer an approach will 
be made toward the arrangement of split conductors, either separately 
insulated or brought together on опе insulator. The former is the 
better and more flexible method. 

In the operation of transmission systems it is most important to 
keep good regulation. It is impossible to give satisfactory service 
unless the fluctuations of voltage can be kept within the limits of from 
3 to 8 per cent., depending on the size and length of transmission 
system and the character of load. With large non-synchronous motors 
carrying unsteady loads, such as 5,000 to 7,000 H.P. for rolling mills, 
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and motors of 1,000 to 1,500 H.P. for hoisting purposes, it becomes 
a difficult problem to keep the voltage within any reasonable limit 
when this character of load is at the end of a line 200 miles from 
the nearest generating station, and when the units at the generating 
station are only of moderate size. By moderate size is understood, 
say, 3,500 k.w. A receiving station carrying a city lighting load and 
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Fic. 2.—General Lay-out of a 60,000-volt Generating Station. 


fed from the same transmission line will be greatly impaired if the 
fluctuations of voltage are above this valuc. 

The line energy taken by the condensive reactance will vary as the 
square of the voltage, and the energy taken by the inductive reactance 
will vary as the square of the current. Therefore, when the condition 
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of balance is reached, as would be the case when the leading and 
lagging energies are neutralised— 


E X 
I Jo 


taking the leading energy as X, Е°, and lagging energy as X, I’. 
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Fic. 3.—Lay-out of One Complete Section, showing Line, Transformer, 
Relays, and Switches for 110,000 Volts. 


Every increase in the amount of power, voltage, and distance, and 
every additional branch line and receiving station or extension of the 
main line to a far-off recciving station adds more difficulties and more 
chances for interruption of service as well as more intricacies. More 
valuable information and technical data to the пршей profession 
are, however, thus obtained. 
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With hydro-clectric transmission systems so large as we have good 
reason to expect within a few years (since Governments arc nov 
considering very seriously the natural resources available in their 
provinces), transmission engineers will do well to make an exact study 
of present conditions and thus be well prepared for these future 
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FiG. 4.—Lay-out for 100,000-volt Generating Station. 


Systems.—The clectrical portion of all long-distance transmission 
systems may be divided into— 


(a) Generating and receiving stations. 
(6) Transmission lines. 


(a) The electrical apparatus of practically all modern 60,000- to 
110,000-volt transmission systems have their generating and recciving 
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stations arranged to conform, so far as the wiring lay-out is concerned, 
with either one or a combination of the different schemes shown in 
Figs. 2 to 1o. 

The average long-distance system is representative of a class sup- 
plying energy to a varied load, consequently interruptions of all kinds 


Outgoing lines 
RES [ mr ightnin 
ing reste 5. 
Switches. Y $ Disconnecting 
switches. 
Non-automatic 
oi! switch. 


Non-au bic 
oil swi 


Dacor 


Di 
Ogee 


Disco ti Disconnectin 
segne s 


swib 

до, switch. a 

everse curren 

relay for an ” 
switches. 
Series 

transformers. 


Oil switch "n А 


Transfrs -62500. 


| 
Disconnecting 


| | switch. 
Disconnecting М Disconnecting 


Series 
transformers. 


switches. 


Non-aubomatic 
itch 


non- &ubomabic 
oi oil switches. 


switches. 


oil swibch 


е IE накы аА 


To generators. 
Fic. 5.—Lay-out of 60,000-volt Generating Station. 


must be avoided. It may consist of local tramways or railway com- 
panies, mines, local power and lighting companies, and also factories, 
so that reliability of service is a serious question. 

Such factors as design, installation, and operation of the equipment 
which particularly lend themselves to change of machinery and appa- 
ratus from one section of busbar to another, or from one transmission 
line to another, at a moment's notice, is quite as important as the 
general design and lay-out of the machinery and apparatus. Many 
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years of experience have shown that the design, installation, and 
correct location of switches for a generating station, transmission line, 
and receiving station have a very important bearing on the continuity 
of service of a large system. 

Lately practice has been diverted to outdoor installations of light- 
ning arresters, entering buildings from the roof, and arranging 


Outgoing lines. 
Disconnecbing D | ха БЕЙНЕ, 


Swib ches fic arreste 
1 


Oil switch “А. 


Series 
transformers. 


A Oil switch. 

Definite Umer limit 

overload relay for 
"A"oil switches. 


Disc onnecting 
switches. 


ee 2 ü ui Dit switches. 
оН s сев Inverse bime-limit 
series. overload relays for 


transformers. “Coil swibches. 


J's bi 
| MN т 83 switches. 


re ul switches. 


60,000 voll bus bars 
4 Ф Series transformers. 


60,000 Volt bransf' 


6,600 
Series t : Instantaneous reverse current 
transformers. $ > relays for" B &D oil switches. 
Г иг «4 n 
р | D 
Disconnecbing Disconnecting 
switch . switches. 
C oring r 
Series Gransf ! 6,600 volt bus bars. 


Disconnecting 


TEN .; swibches. 
ix Aman ] Insbanbaneous us 
switches. ) load relay f for" 


To generators. 


FIG. 6.—Lay-out of а 60,000-volt Generating Station. 


high-voltage oil switches in steel tanks similar to high-voltage trans- 
formers, and operating them by primary relays, and using the high 
voltage oil-switch bushing as the primary for series transformer. 
thereby cutting down the cost of series transformers by a considerable 
amount. 

It is a well-known fact that in order to operate a long-distance 
transmission system, it requires considerable generator capacity, cven 
at no load, that is, when the line is absolutely open. As a practical 
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illustration of this, take the Southern Power Company, U.S.A., which 
has a 7,000-k.v.a. load on its 100,000-volt lines when all the switches arc 
open at the receiving ends. 

Transformers at the generating stations are now usually arranged 
either in groups of three single-phase or one polvphase for cach 
generator, no matter what the kilowatt rating of the transformer or 
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Fic. 7. 60,000-volt Washington Water Power Co. Generating Station. 


transformers may be. One of the largest installations of this kind is 
three 6,000-k.w. single-phase transformers with a 12,500-k.v.a. gene- 
rator for the Mexican Light and Power Company. 

This year has seen a radical change in the design of high-voltage 
oil switches of 100,000 volts or less. The part containing the oil is of 
sheet stecl similar in every respect to the tank of a high-voltage 
transformer ; it is located on the engine-room floor with its switch 
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mechanism and relay, and is arranged to operate either mechanically, 
electrically, or pneumatically. Its adaptability to any location in a 
generating station or sub-station has simplified the high-voltage wiring 
lay-out, and consequently cut down the cost of expensive brick walls 
and barriers, ctc. During the carly part of the present year, the author 
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Ес. 8.—60,000-volt Sub-station for Srinagar, Kashmir, India. 


had the good fortune to be present at the Schenectady Works (General 
Electric Company) during the first tests on some 110,000-volt switches 
of this design. One of the tests with which the author was connected 
was that of a 100,000-volt electrically operated (primary relay) oil 
switch for the Mexican Light and Power Company. ‘The switch 
bushings are of the concentric, compound-filled type, and designed to 
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fit half-way into the steel tank. The maximum alternating-current 
voltage impressed on these bushings, i.e., from bushing to ground or 
tank, was 375,000 volts. One of the most interesting parts of this 
switch is a new departure in the design of a series transformer which 
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(6) Before making final arrangements for the construction of a 
transmission line, it is very important to know the location of the 
generating stations, receiving stations, and their relative distances 
apart, as well as the atmospheric conditions and altitudes, which have 
a bad effect on the line when operating at high voltages. While one 
section of a long-distance transmission line or a branch from the main 
line may only warrant a single circuit construction, the next section of 
branch line or generating station may be so important that it becomes 

VoL. 46. до 
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absolutely necessary initially to build a more expensive construction 
and a double line. 

For systems that have their generating stations and receiving 
stations scattered about in different directions, it is more profitable, 
from the point of continuity of service, to build a double-circuit con- 
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struction to each station (no matter what the character or magnitude 
of the load it may have at the time) with cross-over and sectionalising 
switches to be manipulated in case of trouble on any one line or for 
necessary repairs, ctc., also on account of the possibility of future 
extensions. With a single-circuit construction through part or the 
whole of the line, it would be impossible to avoid long interruptions 
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of service should a wire break or the circuit become crossed, as men 
would first have to locate the trouble before work of any kind could be 
done ; whereas, in the case of a double line, men are at hand to change 
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Ес. 11.—100,000-volt Transmission Line Connections. 


over at a moment's notice to the good line should the system happen 
to be operating only over onc line at the time. If, however, the two 
lines are in operation at the time of trouble, one sct of sectionalising 
switches are left open and changed over in the usual way if the trouble 
is found on the line with the sectionalising switches left in. 
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With the best mechanical construction and insulation a transmission 
line will be a failure, so far as continuity of service is concerned, if its 
general lay-out is not interchangeable by means of sectionalising and 
cross-over switches conveniently located, and if the location of line be 
hard to get at for repairs. The simpler the lay-out and construction, 
the better it will be for patrolling, inspecting, and convenient scc- 
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FIG. 12.—30,000-volt Transmission Line Connections. 


tionalising in case of trouble or necessary repairs. The exact length 
of each section will depend a great deal on the roughness of the 
country through which the line is built, the number of branch lines, 
and the relative importance of sections. The line switches may be 
located on the line structures themselves, or a separate switch and 
patrol house may be built. Figs. тг and 12 show line arrangements 
that are giving good service. 
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Transmission-line Steel Towers and Wooden Poles.—As the price of 
wood is steadily increasing and the price of structural steel is decreas- 
ing, practice is steadily leaning toward steel towers and poles as 
substitutes for wooden poles and structures. With the use of steel 
towers longer spans and higher structures can be used, resulting 
in a less number of insulators and insulator supports. Depending 
upon the conditions of the country, spans range from зоо ft. as a 
minimum to 750 ft. as a maximum. Оп straight-line construction, 
from 8 to 12 towers are used per mile, the length of span incrcas- 
ing with the height of tower, the height being measured from the 
ground stub-joint to the first-line conductor, which usually is from 
40 to 55 ft. 

The fundamental features required to be known in the design of 
steel towers are :— 


(a) Topography of the country through which the line is to 
be run. 

(b) Character of ground for tower foundations. 

(c) Number of towers per mile. 

(d) Arrangement of conductors. 

(e) Distance apart of conductors. 

(f) Size of conductors. 

(g) Whether with or without overhead grounded cable. 

(В) Facilities for the distribution of line material. 


Most tower lines in operation at the present time аге using overhead 
grounded steel cable grounded at each tower. The steel cable is 
pulled up to the requisite tension and securely fastened by means of 
a clamp to the top of each tower. This gives a much greater ultimate 
strength and a much higher elastic limit than the line conductors, and 
is therefore taken advantage of when considering the design, as it 
provides an overhead anchorage, enables the line conductors to bc 
assembled with less rigidity, and permits the satisfactory use of a 
lighter tower. It has the further advantage of providing a means of 
protection of the line from lightning, and tying together all the 
towers and connecting them so that all are at the same potential. 
This is a very essential factor on long lines, even when the current 
is off, so that work can be safely carried on without danger from 
shock. 

Factory tests of the strength of towers are determined by actual 
full-load tests. The method of determining the amount of the test 
loads is to calculate the maximum amount and direction of the 
effect of the wind, ice, and longitudinal wire tension, and above this 
amount to add a liberal margin of extra load, which the test 
towers must stand. In this connection it is interesting to note the 
result of a few tests made on a tower for the Virginia Power 
Company. | 
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Tesl 1. 


A pull in the direction of the transmission line applied at the centre of 
the middle cross-arm. 


i 


Pull in Lbs. Deflection in Inches, taken at Top Cross-arm. | 
I,000 O'I25 
1,500 0'250 
2,000 O'500 
2,500 07750 
3,000 1'000 
3,500 1'250 
4,000 1°5ОО 
4,500 17750 
5,ООО 2`ООО 
5,500 2375 | 
6,000 2:625 


After release of load, tower returned to o'5-in. set. 


Test 2. 


A pull in the direction of the transmission line applied at the end of the 
two cross-arms on the same side of the tower. 


Pull in Lbs. Deflection in Inches, taken at Top of Cross arm. 
1,500 гоо 
2,000 175 
2,500 2°25 
| 3,000 300 


After release of load, tower returned to r'oo-in. set. 


Test 3. 
A vertical load applied to the end of the lowest cross-arm. 


Vertical Deflection in Inches, taken at the End 


Load in Lbs. of Cross-arm. 
500 0°500 
750 I ‘250 | 
1,000 | r875 | 


After release of load, cross-arm returned to 9°75-in. set. 


— 
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Test 4. 


A pull in the direction of transmission linc applied to the end of thc 
middle cross-arm, together with a pull at the same point and in 
the same line, but in an opposite direction. After both pulls were 
developed, the cable on one side was cut, resulting in the instan- 
taneous application of the opposite pull. 


Defiections in Inches, taken at the 


Application. End of Cross-arm. 
With both pulls applied  ... T 0°00 
Immediately after cable was cut ... 2°25 
Remaining cable strain ... we 1:50 


After release of all strain ... 55 1'00 


Figs. 13, 14, and 15 show the assembly of towers for the pin-type 
insulator of 42, 49, and 57 ft. respectively. The arrangement of steps 
on the right sidc of tower is now standard practice. 

Figs. 16 and 17 show a general assembly of a 2-circuit tower with 
centrally located steel rod extending 36 in. above the topmost insulator 
to support the overhead ground cable. 

The question of depreciation of a steel tower duc to corrosion has 
not yet been definitely determined. Depending on the quantity of 
galvanising, climatic conditions, and the amount and class of material 
used, the life of a steel tower should not bc less than 35 ycars when 
erccted in a concrete foundation. 

Some time ago it was found necessary to change a few of the towers 
on the Guanajuato Power and Electric Company's main transmission 
line and branch line of the Michoacan Power Company, so as to make 
a simple transfer at this junction, one line being designed for the 
suspension-type insulator and the other for the pin-type insulator. 
When the towers which had been fixed directly into the ground for 
more than 7 years were removed, a careful examination of each 
tower base could not detect the least deterioration of the towers nor 
depreciation of the galvanising. 

In looking over the various schemes in use up to the present time 
one finds that transmission-line towers have been built for three, six, 
and nine conductors, with and without overhead ground cables, the 
usual practice being one ground cable above the circuit. In some 
two cables have been used, one above cach circuit. The height of the 
lowest conductor from the ground line varies from 35 ft. as a minimum 
to 65 ft. maximum height. The spacing of conductors varies from 
3 ft. 6 in. for a 33,000-volt line to 1o ft. for a 110,000-volt linc. 
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Wooden Transmission Poles—The life of a wooden pole depends on 
the kind of wood, the character of the wood depending on where it was 
grown, where cut, heart or sap wood, seasoned or green, and the 
amount of combined air and moisture to which it is exposed. The 


D SecbionA-B 


FIG. 13. FIG. 14. 


range of pole life for all different kinds and characters of wood now 
used for poles varies from 5 to 30 years, the average being about 
12 years. 

There are many processes in use for treating wood which must be 
constantly exposed to the ground and the weather, with the view of 
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preventing decay, such as contracting the sap and forcing into the 
wood cells a perservative compound, or by neutralising the sap with 
other compounds. Tarring, painting, or sealing the surface of green 
timber in any way is worse than uscless, as the fermentative juices are 
confined within, and would shortly reduce the wood to a mere shell. 
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Poles from 35 to 60 ft. in length are extensively used for voltages 
ranging from 30,000 to 60,000, the lengths being increased to meet 
conditions over crossings, etc. No matter what the length of pole may 
be, the lowest conductor should never be less than 22 ft. from the 
ground. Poles above 40 ft. may be sawn off at the ground-line upon 
decay, and let down into the ground about 5 ft., depending on the 
condition of the surrounding country. Each pole should be numbered 
from a certain definite terminal or junction, and the number should be 
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painted clearly on the pole at a distance of about 6 ft. from the ground- 
line. In this way a record may be made of the life, location, and 
resetting of every pole on the linc. 

Pole-tops are cut wedge shape at an angle of about 45°, and arc 


FIG. 17. 


sometimes trimmed to a conical shape. Protection by nailing a sheet 
of iron plate over the top of each pole is of questionable value. In 
general it is considered preferable to apply a liberal coating of white 
lead and linseed oil, or mineral paint. 
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Line Insulators.—As the result of experiments and testing it is 
known that size alone will not produce efficiency in an insulator, but 
that the amount of surface as compared with the weight of the mass, 
bears a definite relation to its cfficiency. 

Insulators should be so designed as to withstand extreme weather 
conditions. Climatic conditions vary so much that an insulator which 
gave entire satisfaction in one place might be inadequate for similar 
work in another place. For high voltages, insulators are usually made 
in several pieces, held together by cement or glazed together while 
beiug fired in the kiln. Portland cement, litharge, and glycerine are 
commonly used for cementing the parts together. The principal 
points to be considered in the design of the pin-type insulator are :— 


(a) Surface leakage resistance. 

(b) Resistance to piercing. 

(c) Striking distance between the conductor and the nearest point 
of support. 

(d) Mechanical strength. 

(e) Cost of Insulator. 


(a) In order to decrease the surface leakage resistance it is 
necessary to increase the number of insulator parts. 

(b) As the thickness of the insulator is increascd it becomes more 
difficult to obtain vitrified ware without small cracks or flaws in the 
interior. Therefore the voltage is limited for a single piece of porce- 
lain. It is customary to use pieces in series for high voltages, which 
have a high resistance to piercing. 

(c) The striking distance may be increased by lengthening the pin, 
and by increasing the outside diameter of the outer petticoats. It is 
quite evident that the pin-type insulator for 60,000 volts is at its limit, 
because a further lengthening of the pin will produce a weak leverage 
and support, the weight and cost of the insulator is increased, and thc 
striking distance rises rapidly with further increase in voltage. 

(d) The multi-part pin-type insulator is generally the onc that fails 
in the requirement of mechanical strength, for when a strain is applied 
to the insulator the parts are liable to become loose and broken. 

(e) Porcelain is more expensive than glass, though it is more 
extensively used. The price of porcelain includes both the actual 
cost of the manufacture of the pieces used, and such pieces as are 
rejected on account of mechanical imperfections or failing to withstand 
thc electrical test. 

The object is to get an insulator which has a high resistance 10 
piercing, a large striking distance between insulator and pin and 
insulator and cross-arm, a large surface resistance, and at the same 
time light in weight, easily tested, and cheap. 

The glaze of insulators may be almost of any colour. The most 
common are white, brown, and slate. The most conspicuous of the 
three is the white, and the опе least noticeable is the slate, especially 
where galvanised stcel towers are employed. 
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А convenient method of testing line insulators is to place the 
insulator in a trough so that the water in which it stands forms one 
terminal of the insulator. The insulator being inverted, with the head 
immersed in water so as to cover the side wirc-groove and the hole for 
the pin filled with water to serve as the other terminal. Insulators of 
special design often require special tests, which are given in such 
a manner as to bring about the severest conditions met with in 
practice. 

A spray of water is allowed to play upon the insulator at a given 
angle. The spray being adjusted for a given rate per minute, at a 
given pressure, and from a given distance from the insulator. When 
the voltage has been raised sufficiently high to cause a flash-over of the 
insulator parts, it is considered as the determination of the capacity of 
the insulator for any condition of the atmosphere other than an actual 
cloud burst. Insulation tests of this character are very convincing, 
since both actual time and extreme atmospheric conditions are demon- 
strated. By neglecting time and temperature it is possible to obtain 
results varying by as much as 50 per cent. 

Pins.—The wooden pin has an advantage in that it provides a certain 
amount of insulation, and the electrostatic field with the resultant brush 
discharge is much less pronounced than with a metal pin. It is, how- 
ever, subject to injury by brush discharge at the pin, and when this 
occurs, or an insulator breaks down, the pin is destroyed, thus allowing 
the conductor to fall on the cross-arm, which will also be destroyed if 
of wood. 

The metal pin has the advantage of greater mechanical strength, 
and holds the insulator and conductor in position even though the 
insulator may be broken down electrically. On this account the metal 
pin is considered preferable for use with insulators which have an 
ample margin of safety for service conditions. Where long spans are 
employed metal pins are necessary in order to obtain the required 
mechanical strength and safety. - 

Suspension-lype Insulators—One of the most important improve- 
ments in recent years has been the development of the so-called 
suspension-type insulator for transmission lines. This type of insulator 
is usually installed from four to eight in series, depending on whether 
the voltage is 60,000 or 110,000 volts. They are hung directly from 
the cross-arms, are free to swing, and to allow for adjustment of con- 
ductors which are dead-ended at the strain insulators. The latter are 
about 1 mile apart, and at all angles on anchor towers. 

For high-voltage transmission lines the suspension-type insulator 
supersedes the pin-type insulator, and at the present time is considcred 
standard for lines operating at voltages above 60,000. Unfortunately it 
requires a higher tower, which is a disadvantage, but the extra cost 
involved is offset by using less material for cross-arms and the tops of 
towers. 

As an example of low maintenance cost of a transmission line 
operating with suspension-type insulators, and a line operating with 
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the pin-type insulators, experience with the Guanajuato Power and 
Electric Company and the Michoacan Power Company (branch Com- 
panies of the Central Mexico Light and Power Company) show that 
there is a great saving in favour of the suspension-type insulator, as 
shown in Fig. 18. For twelve months’ operation of the two transmis- 
sion lines, one with 85 miles of line using the suspension-tvpe insu- 
lators, and the other with 110 miles of line using the pin-type insulator, 
careful records show a saving in insulators alone of go per cent in 
favour of the suspension-type insulator, or 1o per cent. of the main- 
tenance cost of the line equipped with the pin-type insulator. 

The method of construction of the suspension-type transmission i5 
to place at regular intervals along the line, about a mile apart, extra 
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Fic. 18.—Showing Single Section and Clamp. 


strong towers where dead-end insulators can be installed, from which 
the conductors are drawn up and dead-ended. Between the dead-end 
towers the conductors are hung loosely from each insulator—that is, 
loose enough to slip through in case of breakage. 

Each part of this type of insulator must be designed to have a 
minimum electrostatic capacity. Tests at high voltage show that the 
larger the electrostatic capacity of insulating parts in series the grealer 
the liability of puncturing the end part (not middle units) when a 
surge occurs on theline. When a number of pieces of porcelain arc 
used in series the voltage drop over any one piece with reference to 
any other in the series will bc in inverse ratio to {һе electrostatic 
capacity—that is to say, if one piece has twice the electrostatic capacity 
of another piece, and a voltage of 110,000 is applied to the two in 
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series, the first will take 36,666 volts and the second 73,333 volts, as it 
has but one-half the electrostatic capacity. 

A flat plain disc has a greater electrostatic capacity than a similar 
disc with concentric petticoats on the under surface, hence a greater 
charging current and a lower effective resistance. Instead of making 
the disc perfectly flat it has been found better to curve it downwards 
for two reasons: first, to assist in protecting the lower surface from 
rainfall, which is necessary to maintain the effective resistance ; and 
secondly, to increase its ability to withstand a mechanical blow, a 
curved disc being much stronger than a flat disc. The nearer the 
porcelain disc of a one-piece insulator approaches a flat disc at right 
angles to the axis of the insulator the greater will be its theoretical 
arcing efficiency, but this depends on the effective insulating value of 
the porcelain. To secure the latter the lower surface must have 
extremely high resistance. 

Corona also reduce the effective resistance and increase the line 
loss. An insulator covered with corona acts as an effective condenser 
or conducting area, and therefore increases the electrostatic capacity. 
With properly designed petticoats the corona effect is reduced. The 
static discharge over the surface of the insulator is reduced with an 
increase in the surface resistance. 

The design of insulator used on the Central Mexico Light and Power 
Company’s lines is of the suspension type, and bears many points of 
considerable interest both as regards its mechanical and electrical 
qualities. In designing thisinsulator the aim has been to get maximum 
arcing length efficiency—that is, the ratio of the voltage at which the 
insulator flashes over to the breakdown voltage of an air-gap equivalent 
in length to the insulator. A 3-piece insulator of this type, as shown 
in Fig. 19, connected in series, has a dry flash-over of 220,000 volts, 
and a wet flash-over of 130,000 volts. The flash-over values of this 
insulator show about 12,750 volts per inch length of insulator under 
dry conditions, and about 7,600 volts per inch length of insulator under 
standard precipitation. Each piece or unit of the insulator has a dry 
flash-over of about 90,000 volts when used individually, but as the 
distance between units is less than the equivalent air-gap for the flash- 
over of т unit, the flash-over of the complete insulator is less than the 
sum of each unit taken separately. 

Before assembling the porcelain with the metal part each unit is 
tested at the factory to a flash-over of approximately 85,000 ; after assem- 
bling the porcelain and metal part of each unit it is given a flash-over 
test (surge). The table given on page 538 shows tests made on this type 
of insulator. The values given will vary somewhat from actual operating 
conditions as the altitude, surface of the insulator, etc., are important 
factors limiting these values. However, the values given are a fair 
average of those secured on a series of many tests, and under favourable 
conditions better results can be obtained. 

A 3-piece insulator of this type is considered quite ample for a line 
operating at 60,000 volts, and a 6-unit insulator for 104,000 volts. The 


588 TAYLOR: MODERN LONG-DISTANCE (Jan. 26th, 


exact number of pieces per insulator will depend on the climatic 
conditions in the locality where the insulator is to be used. 

The method of connecting each piece together is by means of a 
ball and socket joint, the ball being locked into place by inserting a 
cotter-key into the socket just to meet the ball pin. The ends of the 
cotter are spread so as to prevent its being taken from the cap casting, 
and it is so shaped that once pushed in place it cannot work from 
under the ball pin. This method of connection makes a convenient 
and flexible joint, permitting a rotary movement of each unit gh 
respect to the other, and a flexible arrangement of the lowest anit 
which supports the conductor. In this manner each unit is free to 
turn with any swinging of the line conductors, which is very appreciable 
on long spans. 


Flash-over Voltage of Insulator. 


| Number of Units. Dry Test. шала dhl eae 
| 
| {м DR NY oS 
| I ` 92,000 volts | 56,000 volts 
| 2 160,000 ,, 90,000 ,„ 
| 
| 3 220,000 ,, 130,000 ,, 
| 4 274,000 ,, 175,000 ,, 
| 

5 310,000 ,, | 220,000 ,, 
і 
| 

340,000 ,, | 265,000 53 


Line Proleclion—Conditions are so varied on the different systems 
that it is practically impossible to specify a standard arrangement for 
the installation of arresters for each particular system. In view of this 
fact, it is thought that the following suggestions might cover points of 
most importance :— 

In large generating stations, such as are being built at the present 
time in connection with long-distance lines, it is recommended that 
arresters be installed on the generator busbars, or low-tension side of 
the power transformers to protect them against internal surges. 

On all outgoing and incoming transmission lines arresters should 
be placed on each line. They should be installed through a dis- 
connecting switch preferably outside of the station, or as near as 
possible to the point of entry into the station. 

Arresters or lightning rods should be installed at high places 
where the lines are exposed to lightning, such as the top of a moun- 
tain wherc no ground wire is used. 

At least one ground wire should be installed along the top of the 
transmission line and grounded at every pole or tower. 


Ес. 19.—Flash-over at 220,000 Volts of a Three-part Insulator. 


Бе Google 
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At the present time there are to be found very long lines operating 
at 110,000 volts without lightning arresters. According to all reports, 
no trouble has been occasioned from lightning. This is, of course, 
more the exception than the rule, and it is thought that the heavy 
corona loss on the long-distance transmission is much in favour of the 
good results obtained. | 

А method of protection giving the most promise for long-distance 
lines is the overhead grounded wire. At the present time quite a large 
number of long-distance transmission systems are receiving protection 
against lightning by the use of this method. Of course, the cost of 
a ground wire for the entire length of transmission is a serious matter, 
but under favourable conditions it is possible to erect transmission 
towers in which the ground wire strung along the tops of towers shall 
be an important factor of the mechanical stability of the line, and in 
the case of lines over 100 miles long it will probably save its cost by 
permitting a reduction in the weight of towers (intermediate) and 
dead-end towers, and their guys as the ground wire may be used to 
advantage in helping to guy its section on lines constructed with the 
suspension-type insulators. 

The Grand Rapids-Miskegon Power Company protects its 110,000- 
volt line without an overhead ground wire, and apparently the method 
used is effective. An angle-iron extension 6 ft. above the topmost 
cross-arm is installed above the conductors which acts as a lightning 
rod, the angle-iron base extending 2 ft. below the cement foundations. 

Another method for the protection of lines from lightning is being 
used on the transmission system of the Jhelum River Power Company, 
India. Two ground wires are strung above the top cross-arm, each 
pole structure being a double form of pole, the conductors being in the 
centre, and the ground wires on the outside and above the poles. A 
few years ago it was thought that this method of protection might be 
better than the use of a single centrally located ground wire, and with 
this in view it was finally decided upon. The line structure throughout 
is of the two-pole form, which extends for the most part over a very 
wild and mountainous country at an average altitude of 6,000 ft., and 
located at the foot of the Himalaya Mountains. At every alternate pole 
the ground wire is grounded, say, on the right to a 12 in. by 12 in. 
galvanised iron plate, and on the left one-pole structure in a similar 
manner. А$ far as the author is aware, no trouble of any kind from 
lightning has occurred, though during the months of May, June, and 
July the attack of lightning is very severe. 

A single ground wire may do much to relieve the strain, but a much 
more certain arrangement will be obtained by using two grounded 
wires, one on each side of the line. 

Lightning Arresters.—In the choice of lightning arresters for high 
voltages and long-distance lines, there seems to be little to select out- 
side of the aluminium type, multi-gap type, and the water-jet. The 
type that has forced its way ahead and repeatedly demonstrated its 
value is the aluminium arrester. 

Vor. 46, 86 
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One of the most important points to remember in the installation 
of lightning arresters is the ground connection. Various methods of 
making good grounds have been recommended, but the one that 
appears to give the least trouble is a number of iron pipes in parallel 
driven into the ground thoroughly moistened with water. А quantity 
of salt should be placed around each pipe at the surface of the ground. 
Each pipe should be connected to the iron framework of the station, 
metal flume, or water mains, or steel penstock; in fact, it is recom- 
mended to connect them to any good grounds around the station. 
The ground connections should be as short as possible, and from time 
to time the resistance of each ground connection should be measured 
to determine its condition. 

Ground connections for arresters should be as short and straight as 
possible from the arrester to earth. A poor ground connection will 
render ineffective any provision for discharging the static electricity to 
earth. This question of ground connections is one which has been 
much discussed. 

Electrical Calculations for Lines.—As a rule, transmission lines are 
designed by working out the energy loss, the regulation, the cost of 
conductors, and the cost of towers for a given set of assumptions as to 
the voltage and size of conductor, and then finding the effect of varying 
one or the other quantity to see if better results can be obtained. 

A long line such as the Cook Falls, designed for an operating 
voltage of 135,000, according to calculations made, will have leakage 
and corona losses amounting to 1 k.w. per mile of line, and an 
apparent power approximating 11,000 k.v.a. for the first 125 miles. 
The 100,000-volt line of the Southern Power Company is estimated 
to have an ultimate charging current of 20,000 k.v.a. Very careful 
study of all conditions covering first cost, operation, and maintenance 
should be made before a final decision is arrived at as to the proper 
frequency, voltage, and size of conductor, etc., of any given line. 

It has often been advocated that rotary condensers of ample 
capacity at the receiving stations of long transmission lines should 
be installed to take care of the power factor, and consequently reduce 
the kilowatt capacity of the step-down transformers, transmission line, 
step-up transformers, and generators. This may be all right in one or 
two cases, but for long-distance lines it barely seems necessary, since 
the inductive reactance is in the majority of cases neutralised by the 
capacity effect of long transmission. 

For most practical purposes the total line capacity may be taken 
as divided into two equal parts, one of which is shunted across the line 
at the generating station, and the other at the receiving station respec- 
tively. Or, if a closer determination is necessary, the total line capacity 
may be obtained by dividing the capacity into six equal parts and 
shunting one part across each end of the line, and the four parts across 
the middle of the line. In the calculation given herein the former 
method of computing capacity effect will be considered. 

Let us take a case of an average long-distance transmission system 
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giving average losses and regulation. Assuming a 200-mile 110,000- 
volt line with conductors weighing 2,710 lbs. per mile, the power 
loss when transmitting 20,000 k.w. over the total length of line will 
Бе 11:6 per cent. From such a case it is evident that with copper 
selling at 8d. per pound, the investment in copper would be £54,200, 
and assuming that power can be sold at the rate of £3 per kilowatt-year, 
the cost of lost power would be £6,969 per year. 

In the following example the capacity on the line is shown to have 
an effect on the power factor which is much improved the nearer it 
gets to the generating station :— 


Given— 
D = Length of transmission line in miles e.. 200 
P, == Power delivered in megawatts T e. 20 
E, — Voltage delivered in kilovolts se s 110 


Cos 9, = Power factor of delivered power  ... oie 0'90 
Frequency of supply (cycles per second) ... 4o 
Spacing of conductors (suspension insu- 
lator construction) in feet ... jee ... IO 


Take from tables :— 


Size of conductor corresponding to 
2,710 lbs. of copper stranded 


per mile... yis ses .. 0'470 in. diameter 
r — Resistance per mile of copper in 
ohms aes ave sae e. 07337 


х == Reactance per mile of copper ... 0'535 
t, = Reactance factor (tan ф, x cos $,) 0489 
b Capacity susceptance per mile of 
two parallel conductors for a 
frequency of onecycle per second 4:5 x 107° 


B = Total capacity susceptance 
where f is the frequency, and D the length of transmission line in miles. 


e = Voltage between each conductor and neutral at 
receiver — 


I, — Current at receiving station-— 
En ee. 
cos ф, E, „/3 


* With the kind permission of Professor Harold Pender, Ph.D., the author is using 
formule which he considers the best and most practical for transmission engineers, 
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t, = Equivalent reactance factor of the first condenser at 
receiving station— 
45 X 107* (Ey)? 
Equivalent power factor at the receiving station corre- 
sponding to /,— 


= | 


= COS ф,. 
R = Equivalent resistance per mile— 


_ COS ф, (E,)? 
=—тур, ` 


1, = Reactance factor at receiving station— 
—1ic р 

and power factor corresponding to f,— 
= COS ф,. 


p = Power loss on line— 
r 


=R 
P, = Power in kilowatts at generating station— 
= (t р) P». 
k = Voltage drop on line— 
= cos ф, A/(1 +} + (5 — 1. 
f, = Voltage at generating station— 
=(1 + k) E,. 
Power factor at generating station— 
Id 
т+Ё 
and reactance factor corresponding to cos $,— 
= /, = tan ф;. 
1, = Actual reactance factor of entire line (including the 
condenser at generating station)— 


B (E, 
P. 


COS ф, = COS ф», 


= і, 


Actual power factor at generating station corresponding to the 


angle of tan $,— 
= COS $y. 


I, = Charging current per mile per conductor— 
= fb E, 1'155 X 103. 
Total charging current of line = I, D. 
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Examples.—A load of 20,000 k.w. is to be delivered to a receiving 
station over a 3-phase 200-mile line, spacing of conductors то ft. 
(allowing sufficient clearance for suspension insulator construction), 
frequency 40 cycles per second, size of conductor 0°47 in. diameter 
copper stranded cable, voltage at receiving station to be 110,000, and 
power factor o'9o. 

Find the voltage drop and power loss on the line, efficiency, voltage, 


and power factor at generating station, and the charging current of the 
entire line. 


I 20,000 


r = -—= ——__ = 166°6 amperes. 
/3 X пох 0'g j 


I, = 40 X 4'5 X 107? X 110 X r'155 X 10 = 072287 ampere 
and total charging current— 


= 0'2287 x 200 = 45°74 amperes. 


В = 40 X 200 X 4'5 X 107237 X I074, 


then— 
‚= очу — 277 Х UL TUTO 0266. 
20 
Cos ¢: = 0'966— 
Rz 0'966 x (110)? = 2922. 
. 200 X 20 
е 0 535 а 
lı =0°266 292277 0'446. 
Cos $, = 0'914— 
E E об. 
2:922 
P, = r'116 x 20 = 22°32 milowatts. 
k = 0'914 A/(r'1160y (07446)? — 1 20713. 

Regulation — 13 per cent. 

E, = 113 X 110 = 12473 kilovolts. 

Cos $, — гипо X O'9I4 — 0'902 
?s = 1:130 914 — 0'902. 
Tan $, = l, 20477. 
А —4 .\2 
1 = 0477 — 377 X 1971 (124'3 5, 


22:32 


Cos ф„ = 0'976. 
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GENERAL SUMMARY. 


Generating Station. Receiving Station. 
Voltage — ... -— $e 124,300 I 10,000 
Kilowatts ... d — 22,320 20,000 
Power factor — ... js 0'976 0'900 


Efficiency of transmission ... 
Percentage power loss on linc 
Percentage voltage drop on line ... 


88:3 per cent. 
11°6 s 
1370 j 


The annual interest, say, 5 per cent. on the investment of copper 
put into this linc, will be £2,710. 

Electrical Conneclions.—At the present time the electrical connections 
of transmission systems аге about equally divided between the star 
connection with grounded neutral and the delta connection (non- 
grounded). One disadvantage that is usually spoken of when referring 
to the star-connected high-voltage system with grounded neutral is the 
short-circuiting of one phase when one of the conductors falls to the 
ground. It is generally acknowledged by the majority of transmission 
engineers that this condition is not a satisfactory one, but, when we 
carefully study the advantages and disadvantages of both the methods 
of connection (;.c., delta-star to star-delta, and delta-delta to delta-delta, 
which are the two common high-voltage transmission conncctions in 
use at the present time), we find practically the same conditions are met 
with from the operating standpoint. 

The star connection on the high-voltage side has the advantage of 
reducing the cost of insulators for the same line voltage, as the size of 
the insulator need be only 57 per cent. of that used on a line-connected 
delta. 

The delta-connected system requires larger apparatus and larger 
insulators for the same line voltage, the advantage claimed for it being 
that, when one transformer of a group of three is cut-out (assuming 
delta-delta), the system is still operative. 

It is very interesting to see the great strides that have been made 
recently in long-distance transmission high-voltage work, principally in 
connection with the design of high-voltage transformers of large kilowatt 
capacity, some of which have been installed at the places mentioned in 
Table I. 

From the list of hydro-electric transmission systems (Table I., p. 36) 
it will beseen that the majority are operating with the delta connection. 
It shows the far-sightedness of transmission engineers in choosing 
apparatus designed to take care of future needs. For the want 
of this foresight many transmission systems are now operating at 
their limit—that is, with the star connection at every generating station 
and receiving station. For large units, such as are now being designed, 
it is important to use the delta connection on the high-voltage side, thus 
allowing for sufficient increase of power to keep the line loss and regu- 
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lation to a given value by a change from delta to star. ОЁ course, as 
the load increases more apparatus will be added until it is deemed 
necessary to increase the line voltage, which in this case will not involve 
any extra strain on the line insulators. 

During the early part of 1910 a change from delta to star connection 
was made by a very large transmission system operating in Mexico. 
To make the change according to the plans submitted, it was necessary 
to re-design something like 60,000-k.w. capacity of transformers originally 
designed for 60,000 volts (delta). The change from 60,000 volts delta 
connection to 85,000 volts star connection is undoubtedly a satisfactory 
one for the present load and the line insulators, the latter operating 
with less strain. 

Operation.—The operation of long-distance transmission systems (in 
the majority of cases representing the consolidation of a number of 


TABLE I. 
System. E Voltage. Connection. | Phase. 

Mexican Light and 

Power Company, Ltd. | 6,000 85,000 заг à 
Stanislaus Power Com- | 3,750 138,500 star I 

pany... 2,233 104,000 star I 
Great Western Power E 10,000 110,000 delta 3 
& Company x 5,000 90,000 delta I 

reat Northern Pow er 

Compan | 7,500 60,000 delta 3 
S COE ми. EN 3,330 100,000 delta i 
o Power d 3,000 100,000 delta I 
р m Power E 1,250 110,000 delta I 


local light and power and railway companies, and consisting of gas, 
steam, and water-driven plants each representing a fairly large under- 
taking) is a difficult proposition to manage, and is becoming more so as 
the transmission lines get longer and additional generating and receiving 
stations are put in parallel. 

A system covering many hundreds of milesof transmission lines and 
many generating and receiving stations connected in parallel have what 
is now commonly called a “load dispatcher,” or, as the author prefers 
to call him, a chief operating engineer. The chief operating engineer 
is usually located near the centre of distribution or at one of the 
largest receiving stations. Не is in constant touch with the construc- 
tion of and additions to any part of the system. He advises the shutting- 
down or starting-up of generators, switching in or out of groups of 
transformers, closing or opening of switches on line sections, and 
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control of all interruptions of service at the generating stations, the 
transmission lines, and the receiving stations with their auxiliary 
plants. 

One of the best known methods of keeping in touch with the station 
and line operations and at the same time knowing the exact conditions 
of operation, is by means of a general plan showing diagrammatically the 
entire lay-out of the system. In this way orders are more easily under- 
stood and a check kept on them, since the chief operating engineer 
closes the identical switch or switches on his plan at the same time he 
gives an order for the operator to do so. A regular log-book is also 
kept which records the operation and interruptions of the entire 
system. 

At each receiving station a local superintendent is placed in charge 
of the business of the corporation. The operation of this branch is in 
accordance with general sheets and forms issued from the head office, 
all local managers receiving similar copies. Apart from keeping to the 
forms and rules for operation, he is made subject to a check of all 
expenses and receipts at the commencement of every month or regular 
period during the month by the corporation's general accountant and 
head storekeeper who check up accounts, inventory, etc. Each local 
manager is a technically trained man with a broad experience. 

On long lines it is now common practice to build patrol and 
emergency houses for the patrol men. The patrol houses may be 
located 10 to 20 miles apart, depending on the roughness of the 
country. The emergency houses may be only large enough to contain 
material such as insulators, line conductors, and guy wire, tools, etc., 
for an ordinary breakdown; they are usually located midway between 
two patrol houses. 

At each, or at every other patrol house, it is advisable to provide a 
set of sectionalising switches which may be installed directly on the line 
structures or placed in a wing of the patrol house. If the line is of 
double-circuit construction, cross-over switches should be installed in 
addition to the sectionalising switches for changing from one line to 
another in case of trouble or necessary repairs. 

Transmission lines may be patrolled once every day or one to three 
times a week, depending on their importance, location, condition, and 
length. In order to keep the men in shape, some line superintendents 
ride out to some point of the line and create a false alarm, taking note 
of the time it takes the linemen to get to the place where the alarm 
was made. When an alarm of this kind is reported, the supposed bad 
line is cut out between the two nearest sectionalising and cross-over 
switches, after which the men at both ends mount their horses and 
make for the point of trouble. This method of creating a false alarm 
has a tendency, if practised too frequently, to keep the men in doubt, 
although it gives them a better training should anything actually 
happen. The average lineman generally knows when something i5 
wrong and when a false alarm has been reported. 

For all long-distance systems independent telephone pole-lines 
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between generating and receiving stations are recommended. An 
independent telephone system between the main generating station and 
the most important receiving stations is indispensable, especially so 
when the chief operating engineer is located at one of these stations. 

At the present time many systems are operating two lines of com- 
munication to the most important stations, one on the main towers and 
the other on an independent pole-line which is constructed parallel to 
and not far distant from the main transmission so that inspection and 
patrol of both lines can be made at the same time. 

Telephone circuits strung below the main transmission line con- 
ductors are subject to a constant source of trouble and danger no 
matter how well the power transmission and telephone circuits are 
transposed, since an unbalancing of the power lines, or a ground on 
any one of the lines, will induce a voltage in the telephone circuits 
below, which is dangerous to any one using the telephone. In this 
the linemen are subject to great danger because no indication is 
previously given them before connecting their portable instruments to 
the line. Where telephones are used in patrol houses and in the inter- 
mediate emergency houses all danger in this respect is reduced to a 
minimum. On all long lines with a telephone service on the main 
transmission towers telephone transformers should be used. 

When the telephones are not protected by means of a telephone 
transformer outfit, it has been found advantageous to provide a cross- 
over switch which is connected between an extension bell and the 
telephone, the former being kept on the line at all times when the 
telephone is not in use. 

Power transmission companies invariably transpose their telephone 
circuits when carried on the same towers that carry the power trans- 
mission conductors, at every fifth or tenth tower. Some companies have 
used transpositions at every tower by means of a spccial insulator 
called a transposition insulator. This practice is not a good one, for 
the reason that too many short circuits occur where the two wires cross 
at the tower or pole, and in order to construct a line of this kind the 
wires must be cut at every tower or pole, resulting in imperfect joints 
and poor communication. Where telephone circuits are arranged on 
independent poles it is usual to transpose the wires at every tenth pole, 
or five transpositions per mile of circuit. 

The present practice of transmission erigineers is not to transpose 
circuits. Many companies do not think it worth their while going to 
the extra expense, some do not transpose at all, and others have but one 
or two complete transpositions for lines extending over тоо miles. 

At the present time there are practically no data at hand showing 
results of operating telephone circuits on the same tower transmission 
lines built for and operating at 110,000 volts. For a short distance the 
Central Mexico Light and Power Company operate their telephone 
circuit to San Luis Potosi on the same towers supporting the power 
conductors, the telephone line complete from Zamora generating 
station to this point being just short of 200 miles. 
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Two factors limiting the distance to which power can be economic- 
ally transmitted are the cost of delivering energy to the receiving 
station and the price which can be obtained at the receiving station 
distributors. The total sum of these factors may cover the cost of 
dams, pipe-lines, tunnels, generating station complete, transmission 
lines, sub-stations complete, and operating and maintenance costs, 
allowing for interest and depreciation on the investment. 

Table II. is representative of a system in operation at the present 
time. 


TABLE II. 


Stalement of General Expenditure on Various Parts of System. 


| 
Interest. Depreciation. 


: Lr "uU DUM Opera- | 

System. Capital | tion та | 

Amount. Per РТИ Рег А Amount Amount. 

Cent. Сеп." 10090": | 

"UEM m cM E пре Шр MEM 

£ £ £ £ л. 

Dams ... ae S > 900,000 5 | 45,000 3 27,000 (|| 27200 | 

| 

Pipe-lines and tunnels ... 750,000 5 37,500 5 37.500 | | 75.000 | 

15,000 - 

Power station equipment ... 370,000 5 18,500 5 18,500 | | 52,000 | 
Power station building  ... | 200,000 5 10,000 3 6,000 16,000 
Transmission lines ... ses 560,000 5 28,0CO 5 28,000 | 12,000 | 68,000 
Sub-station building ax 74,000 5 3,700 5 3700 |) (| 740 

| А t 
Sub-station equipment — ... 120,000 5 6,000 5 60co ) { 24000 | 
Total sum me ... | 2,974,000 148,700 126,700 39.000 314499 | 


This general statement is based on actual figures taken from 
construction and operation costs, and a conservative allowance for 
depreciation and interest. 

The capital cost of the entire hydraulic and electrical parts of a 
transmission scheme such as outlined above are {һе determining factors 
whether a given water-power can be economically applied. Ot course, 
all operating charges from the head works to the receiving station 
must be included. 

Table III. represents the efficiencies of and losses on various parts 
of the same system shown in Table II. 

The three tabulated statements shown in Tables II., II, and 1V., 
аге representative of a large hydro-electric long-distance transmission 
system. 

Quite a large number of electric power companies have consolidated 
into one system. This is very marked in countries where water-power 
is plentiful, as, for instance, the western states of America and Mexico. 
The result of some of these developments have made possible long- 
distance transmission and the paralleling of numerous steam, gas, and 
water-power plants scattered about within a radius of from 20 to 200 
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TABLE III. 


Slatement of General Losses and Efficiency. 


| чл =з a =, 
Parts of System. a. | b. | с. | d. e. f. g. 

| 
i | Е Е Ro ere 
Ri dum gay 1°54 2'500 23°50 2°50© 2'00 ' 5:050 2'000 

rat 
T our losses “of each 3°30 5340 | 39'50 4'200 3°28 8'150 3:000 
Efficiency ‘of each unit "m 9R'so | 97:600, 81°00 | 97500| 98°20 | 05:200, 98'000 
Total efficiency xk — 96'200| 77:80 | 75'800| 74°50 | 71'000 | бу 500 
н кован - hours jx 313'00 | 2077700 | 168:20 | 1647000 | 160770 | 152'0со | 149/600 
Resul 2 
“tour peme ыр em or] — | oss| — | oss| ess 
a = Dams. 


b = Pipe-lines and tunnels. 

c = Turbines and auxiliaries. 

d = Generators. 

e = Generating station transformers. 
f = Transmission line. 

g = Sub-station transformers. 


TABLE IV. 


Statement of Load Factor, Minimum Price of Energy, Weight of Coppen, 
and Copper Losses. 


| | 
A. | В. | C. | D. E. | F. c. |н. | L!L 


£. 
04 1,090 64:00 700 I30l'00 12400 5:35 L'16 0'560 277,800 
| 1,210 7vco 975 163:95 15430 5'94 13 0'450 279.400 

| 

| 


06 
| 07 1,425 83:50 15:30 23090 215 60 6:62 1'07 0'326 280,240 
' o8 1,520 89'01 18:20 262700 24380 6'95 1'04 0'291 280,380 


| 
0'9 | 1,590 93°20 21°60 29,,'00 273 40 732 1'02 0261 280.500 
| 


1,320 7740 12°40 19901 186 бо 6:30 UIO 0'377 280,100 
R 
1,670 98:00 25°00 | 32800 303 00 262 гоо 0231 2°0,600 


A = Load factor. 
B = Weight of copper in tons. 
С = Cross-section in millimetres. 
D = Millions of kilowatt-hours lost on the line. 
E = Millions of kilowatt-hours leaving the generating station. 
F = Millions of kilowatt-hours entcring the receiving station. 
G = Average losses per cent. 
H = Form factor. 

I = Price in pence per kilowatt-hours at the receiving station. 
J = Price of energy at the receiving station. 
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miles an economical success in so far as being able to give any class of 
consumer cheaper power than it is possible for the individual plant to 
generate. 

In the actual cost of hydro-electric power development there are so 
many variables for different systems as to make impossible anything 
like a standard cost per kilowatt-hour. One particular system may 
consist of a short transmission line and comparatively simple and 
cheap hydraulic development. Another may just have the opposite 


TABLE V. 


H ydro-electric Rates for Power Consumers. 


(Fixed service charge of 4s. per month per kilowatt for minimum 
power required.) 


Kilowatt-hours per Month. Price per Kilowatt-hour in Pence. 


IOO or less 3°500 
100 to 150 3°250 
ISO ,, 200 3'000 
200 ,, 275 27750 
275 » 350 2500 
350 » 425 2:250 
425 » 500 2'000 
500 , 625 1750 
625 » 50 I'500 
750 » 75 1375 
875 , 1,000 1'250 
1,000 1,250 1°125 
1,250 ,, 1,500 1'000 
1,500 ,, 2,000 0'750 
2,000 , 3,000 0°600 
3,000 ,, 5,000 O'500 
5,000 ,, 10,000 0'400 
IO,000 ,, 20,000 0°375 
20,000 ,, 40,000 0°350 
40,000 ,, 80,000 0°330 
80,000 0°320 


extremes made up of an expensive dam and diversion site, undesirable 
hill-side supporting flume and penstock, costly foundation and site for 
generating station and tail-race, and a very long transmission line 
passing through a rough and dangerous country. 

Rates for electric power are therefore adjusted according to indi- 
vidual circumstances influenced principally by capital charges, interest, 
and depreciation, and operating costs. Thus a consolidated system 
operating many generating and receiving stations scattered in different 
directions will necessarily have different rates for power purposes. 
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The present electric power rates on practically all hydro-electric 
systems of any importance and magnitude are based on a fixed charge 
per horse-power per month plus a definite amount per kilowatt-hour 
as recorded on the meter. There are, of course, other rates in use 
applicable to the class and character of consumer, as, for instance, the 
minute peak-load rate for mining districts where electric hoisting 
is done. 

Below are given a few notes and tables of rates in use to-day on 
some very large systems. 

Take, for example, a motor rated at 80 Н.Р. running то hours per 
day, the motor taking 80 H.P. at times as a maximum, but averaging 
throughout the day about бо Н.Р. For 25 working days per month it 
would consume 15,000 H.P.-hours, or 11,200 k.w.-hours. The charge 
per month according to the above table would be made up as 
follows :— | 


£ s d 
Charge for service demand of 80 Н.Р. at 3s. per horse- 
power-month ... - 12 о O 
Charge for power (10,000 kilowatt- Hours) at оа. per 
kilowatt-hour ... T sie .. 1613 4 


Charge for power (1,200 kilowatt hours) excess of 
10,000 kilowatt-hours at 0°375d. per kilowatt-hour 117 6 


Total charge per month ... ... £30 IO IO 


or, equivalent to £4 11s. per horse-power per year. 


TABLE VI. 
H ydro-electric Rates for Power. 


Fixed charges per month per horse-power :— 


(Manufacturing purposes.) 


Motors from 1 to 2 H.P. at 6s. per horse-power. 


i 9) 3 » 5 э? 99 3S. 39) 
r » 6and larger ,„ 2s. 5i 


(Irrigation and domestic water supply.) 


Motors from 1 to 2 H.P. at 4s. od. per horse-power. 


3) » 3 )) 5 ШШ »” 35. od. ›› 
” „э 6 )) 15 » 3) 25. od. ) 
» Over 50 ,, , 18. 6d. 5 


Table VII. is representative of a large hydro-electric system and 
shows the price of power at two receiving stations, (B) being over 
180 miles from one of the generating stations, 
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The load factor of any system has, of course, an important bearing 
on the cost of supplying energy. It has been defined in several 
different ways, but its general significance is the same in all cases— 


TABLE VII. 

Kilowatt-hours. Price per Qu. TERME Price per oo | 

| ША ГЕ 
100 tO 199 4'00 4°50 
200 ,, 299 3°50 4°00 
400 ,, 699 3°00 2°75 
700 » 999 2°50 2°62 
1,000 ,, 1,499 2°00 2°50 
1,500 ,, 1,999 1°75 2°25 
2,000 and over 1°50 2°00 


TABLE VIII. 


(Fixed charge per horse-power per month is 4s.) 


Horse-power. | Price per VE io DE | Price рег оош All Above at 

a | «a | a | 
Soto 75 2'000 1'500 1'250 | 
75, 100 1'750 1'500 1'250 | 
IOO , 200 1'500 1'370 1'200 
20'0 , 300 1'370 1'250 г'000 
30'0, 400 1:267 1'125 0'875 | 
400 , боо I'125 1'000 0:875 | 
50°0 ,, IOO'O I'O00 0'750 0625 | 


namely, it is a measure of the ratio of the average consumption to the 
maximum, the average usually being taken as the total energy in 
kilowatt-hours divided by the time of operation. There are several 
ways of rating the maximum, which may be taken as the sum of 
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the full-load rating of all apparatus, or the actual maximum demand 
registered, or it may be determined by the maximum load sustained 
for a given time. 

Figs. 20 to 25 are examples taken from actual practice, and may be 
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FIG. 20.—General Losses in an Hydro-Electric Transmission System. 


useful to other companies about to adopt this method of charging for 
electric power. 

In writing a paper dealing with long-distance transmission from an 
hydro-electric supply, it is only possible in this short space to mention 
a few facts and suggestions with the hope of gathering further ideas 
and practice that will add more interest and information for those 
directly engaged in this class of engineering. 
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No attempt has been made to cover anything but a few important 
points and practices of systems operating in different parts of the 
world, and as near as is possible taking ап average of these different 
practices on systems of extreme importance and magnitude. 

It is the author's opinion that in future years provision of reserve 
plant at various receiving stations will not be made. А properly 


1-25 me а 250 VU S NC Mun АМЫР, е 250 
Load ER = 0-75 | 
=ч aoo able. | 
х“ m|m 
«P | | 
| 1 
bo кел се НЕМЕЕ CL | —+ General | losses of a. | | | |4 
hydro-electric transmission 4 
system. Ф 
| à 
te c 
а л Load- fact r= 0-5 | 3 | 
Le | 164 millions; KilowatG-hours iper r. © 
<= 
a= 
- союп 54150 
different cross" Se $ 
opper - 
2 
d 
$! 
о! 
E | 
час ЗЕР 24100 
: аў 
© | | | | x = 0-75 
è | | i | ОА Load -facbor, | 
- P | 8% interest an O94] _ иы T. ana гия Emm >т 
0:25! 15 4 owe AAA f oak = 
3 depreciation of TT d | 
NAME MEE 
d Method of plotting price of energy for different 
T cross- section of copper and load -factor. 
uy a | | | 
аав | 
olt| | | Cross-section of copper іп sq. mm. bransm5 line. | | jJ, 
9$829*2588238858232282528 


FIG. 2I. 


designed and constructive hydro-electric transmission system should 
not require any reserve steam or gas plants to take care of interruptions 
of service. In to-day's practice, for the majority of systems, it would 
be better to spend the money intended for reserve plant in additional 
machinery and apparatus at the generating stations, and an extra trans 
mission line, or a better designed and constructed line from an 
electrical and mechanical point of yiew, and good, clear right-of-way. 
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Most engineers with much experience of flume operation and 
maintenance will agree with the author that this link of the system 
is a source of expense and worry, and the cause of many long interrup- 
tions, especially in those built of timber and above ground. When 
plants are fixed without flumes there should be no excuse for interrup- 
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FIG. 22.—Method of Charging for Electric Power. 


tions of service, суеп on systems operating hundreds of miles of line, 
other than the time it would take an experienced operator to start up 
an idle unit and manipulate the necessary switches in the generating 
stations and on the transmission line. This ought not to exceed two 
to seven minutes depending on the number of transmission lines, 
receiving stations, and the condition of telephone lines. 


VoL. 46. 37 
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It should be the endeavour of the chief operating engineer to pro- 
vide for all necessary switches, especially at points on the transmission 
line where patrol men are located and entrance to receiving stations 
so that quick transfer of lines can be made. If the installation of an 
extra switch at these points will save time only during an interruption 
it will pay the power company to satisfy this want even at the expense 
of building a structure and mounting an oil-switch designed for 
120,000 volts. With three, four, or more transmission lines each 
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Fic. 23. – Results obtained under the Method in Fig. 20 of Charging 
for Electric Power. 


designed for 10,000 k.w., it is important to have them inter-connected 
through cross-over switches for easy transfer should any line break 
down. A transfer of this kind may mean at least one tower structure 
per transfer of one line, the whole covering a space larger than an 
ordinary receiving station if all transferred at one point. 

At the present time single-circuit transmission of electric energy 
has reached as high as from 25,000 to 50,000 k.w. per tower linc. 

A transmission tower line is now being built to carry two 3-phase 
circuits of 0°47 in. diameter copper conductors, one circuit on each 
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side of the tower, and in a vertical plane suspended from the ends of 
the cross-arms, designed for 25,000 k.w. at 110,000 volts, or 50,000 k.w. 
for the three cross-arms, with ground wire connected to the apex of 
the tower. The spacing of the suspension towers will be about боо ft. 
with strain towers about every mile. 

It is difficult to realise fully the vast amount of responsibility that 
rests upon the chief operating engineer in charge of such a transmis- 
sion system. No matter what ingenious scheme is adopted to provide 
for perfect switching, an interruption of a circuit carrying 25,000 k.w. 
will mean a comparatively long delay and probably a great loss of 
money. Take a case where the whole 25,000 k.w. is being transmitted to 
one receiving station over the one line to a distance of, say, 80 miles, it 
will probably take from 5 to 15 minutes to arrange the manipulation 
of necessary switches in the generating station, transmission line sec- 
tions, and receiving stations, and will depend on their location. These 
switches in the case of the line would be fixed in the patrol houses or 
adjacent to them, and ready to be operated at a moment's notice, and 
those in the generating and receiving stations would probably be 
manipulated from the control-board. To order the closing and opening 
of switches and locate the faulty section is one of the simplest duties of 
the chief operating engineer. What really confronts him is a situation 
of a more serious character, which requires considerable thought, 
founded on long experience, thus preparing him to act quickly and 
with safety to life and property. Some of the most difficult problems 
that confront him are :— 


(a) How to avoid a complete shut-down of the system when a 
load of this magnitude is interrupted by a short circuit and 
by a throwing-off suddenly of probably 50,000 k.w. as a 
result of the short circuit. 

(b How to get the entire system in regular operation again in 
the quickest time and at the least expense to the power 
company. 

(c) How to regulate the voltage when 25,000 k.w. is added to 
one, or at the most two circuits, already fully loaded or 
operating at nearly their full capacity without taking off 
any consumer. 

(d) How to regulate the load so that the power company and 
consumers get the minimum amount of loss. In this there 
may be probably 10,000 consumers affected, and the whole 
city left in darkness and tramway service stopped at the 
most important hours of the night. 


On Table IX.* are given a few tests made on three different 
designs of towers (suspension, strain, and flexible), covering a set of 
specifications for a transmission line to carry 50,000 k.w. at 110,000 
volts. 


* By the kind permission of Milliken Brothers (Inc.) the designers and builders of 
these towers. 
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FIG. 29.—110,000-volt Line Construction—Method of Raising Towers. 
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TABLE IX. 


Horizontal | Vertical Aggregate 


> Transverse 
Type of Towers. Pull in Lbs. | Pull in Lbs. | Pull in Lbs. 


Pull in Lts. 


Suspension Towers. 
Pull applied at the 


{ 

| 

| 

| ee a MEUS ОР Е 

| 

| 

| centre of n 

of the insulator 
supports .. 

Pull applied at the 
end of each cross- 
arin in a direction 

| 
e] 


parallel with the 


| 

| 

| 

| 

| line 

| Load applied at the 

| end of each cross- 

| arm 

| Strain Towers. 

| Pull applied at the 

| centre of м (b) 30,000 — — == 

| of the insulator ) 

| supports ... 

Pull applied at the 

end ot each cross- 
arm in a direction 

parallel with the 

line 

Load applied at the, 
end of each о — = 2,400 = 
am  . —. 


Pull applied at each 
of the three cross 
arms сез a 
Load applied at 
the end of all 
cross-arms апа 
ground-wire con-[ 
nections simul- 
taneously 


12,000 
| 


Flexible Towers. 
| 
| 
| 
| 
| 


| 
4,000 | = — 
| 


| 
| 
| 


(а) and (b). On less restrictive sections the suspension and strain tower tests 
could be reduced to 10,000 and 15,000 Ibs. respectively. These values correspond to 
those towers now used by the Southern Power Company. 
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The approximate costs of towers designed to cover safely the above 
tests are :— 


& 
Suspension type... -— — .. 26 per tower. 
Strain type ka Sa vas so 035 » 
Flexible type  ... ak E e. 20 2 


Figs. 26 and 27 show a suspension tower and strain tower in the 
field in actual operation. 

Figs. 28 and 29 show the same towers (not including the special 
IO-ft. extension at the base) in the field during the erection period. 

This design of tower will permit a team of horses to pass under- 
neath. The right-of-way man finds this a valuable feature to have 
when he is trying to get his right-of-way from landowners, as the 
actual space occupied by the tower amounts only to about 1 sq. ft. at 
cach corner. It also enables a farmer to plant farm products inside 
of the tower with practically no loss of space. 

Fig. 30 shows the outline and dimensions of the tower of the 
suspension type. 
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EXTRA-HIGH-PRESSURE TRANSMISSION LINES. 


By К. BORLASE MATTHEWS and C. T. WILKINSON, 
Associate Members. 


(Paper received November 30, 1910. Read before THE INSTITUTION аяна 
26, 1911; before the NEWCASTLE LOCAL SECTION January 30, 1911; 
before the MANCHESTER LOCAL SECTION January 31, I9II ; and before 
the YORKSHIRE LOCAL SECTION February 15, 1911.) 


In accordance with the Board of Trade Regulations, the term 
‘extra-high pressure " is understood to refer to voltages of over 3,000. 
In this paper, however, it is proposed to deal with the construction 
of what might perhaps be termed “extra extra-high pressure lines.” 
Lines operated at such voltages are not of immediate interest in 
connection with works carried out in this country, but the time is 
gradually drawing nearer when they will become of much more 
importance. Furthermore, a number of schemes involving these very 
high pressures are at present being engineered from this country. 
Progress in the direction of the development of high-pressure trans- 
mission systems must necessarily be slow in a conservative country 
like England, where the population is very dense, as compared with 
the sparsely inhabitated tracts of a big continent like America; never- 
theless, the attitude of the authorities is gradually changing. 

One of the first bare overhead lines erected outside private premises, 
to operate at 10,000 volts in the British Isles, was installed in the Isle of 
Man about eight years ago, one of the present authors being fortunate 
enough to be associated, at that time, with the contractors who carried 
out the work. Since then, lines operating at even higher pressures 
have been put up in England, among which special attention may be 
drawn to the 20,000-volt overhead lines of the North-East Coast Power 
Supply System. This necessity for the adoption of extra-high-pressure 
transmission lines is emphasised in the inaugural Presidential Address 
of Mr. S. Z. de Ferranti to this Institution. Such lines would be 
essential to the carrying out of the complete scheme outlincd by 
him, if it were to be accomplished at a mininum capital cost, for 
underground cables would involve far too great an expenditure. 

Limits of High-lension Transmission.—Several power supply under- 
takings are now operating successfully at 110,000 volts, a few 140,000- 
volt lines are projected, and a pressure of 200,000 volts is considered 
to be within the region of practicability ; in fact, such a pressure is 
now regarded as much more practicable than was one of 100,000 


Fic. 1.—А Typical 110,000-volt Two-circuit Tower. (With 
Suspension Type Insulators.) 
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Fic. 2.—A Typical 100,000-volt Single-circuit Tower. (For Use 
with Suspension Type Insulators. The Earth Wires are 
attached to the Top of the Cross Arm.) 
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Ес. 3.—A Flexible Steel Tower Transmission Line. 


Fic. 34.—Side View of the Flexible Tower shown: 
in Fig. 3. 
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volts a decade ago. Transformer manufacturers and insulator makers 
are considering the construction of apparatus for this abnormal 
pressure. 

Such schemes as that proposed for transmitting power from the 
Rhone Valley to the City of Paris have led to very serious considera- 
tions of the problems involved. Transmission lines operated at over 
100,000 volts have been in satisfactory operation for some two years, 
and transmission over distances up to about 240 miles has been safely 
accomplished. Niagara power is transmitted to Syracuse—150 miles 
away—at a pressure of 60,000 volts only. There seems no reason 
why these distances should not be largely exceeded, the question being 
almost entirely a financial one, since there are not many circumstances 
under which it would pay to build lines of greater length. The 
conditions, of course, under which this might be possible, are those in 
which the market is prepared to pay unusually high prices for the 
power, and where there is no possibility of competition froin electric 
plants operated by steam or other prime movers. It must also be borne 
in mind that distances of transmission above those mentioned may 
become unnecessary, since it might be better to move the market 
nearer the power plant, or to build up a new market in the neighbour- 
hood of the power plant. Both these methods have been already 
followed. 

In other words, the day has now arrived when there is no engineer- 
ing difficulty which will prevent the building of transmission lines of 
great length, but financial considerations may, from our present point 
of view, limit that length to about 400 miles. 

Supporling Systems.—Wooden pole supports for such high-tension 
lines are now practically a thing of the past, for in addition to the diffi- 
culty encountered in providing cross-arms of sufficient length, it is found 
more economical to adopt wide spacing and high supports, and under 
these conditions stecl structures are very much more satisfactory in 
every way, including prime cost. As regards the design of these 
structural steel towers, practice is settling around the types illustrated 
in Fig. 1 for two-circuit types, and Fig. 2 for single circuit types. 

The above towers employ suspension type insulators, instead of the 
pin type petticoat insulators formerly employed. This is found to be 
the best practice for lines whose working pressure exceeds, or may 
in the future exceed the neighbourhood of 60,000 volts. The chief 
difference in towers constructed for the pin and the suspension 
types of insulator, is the slight increase in the height of the 
towers necessitated by the use of the latter type of insulator, 
which, however, is offset to a great extent by the reduced amount 
of metal required in the cross-arms, and the reduced torsion stresses 
which the tower must meet in case of the breakage of a wire. 
Another point which makes the suspension and pin types of tower 
practically the same with regard to weight is the fact that in any case 
the overhead ground wires (the use of which is now almost universal) 
must be supported, and a greater additional height above the insulators 
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must therefore be used for the pin type than for the suspension type 
in order to maintain the same shade angle. Further, the use of the 
larger size of pin insulator involves a very severe twisting stress on the 
cross-arms in case of wire breakage, and hence an ample and increased 
section has to be provided to allow for this contingency. 

A careful study of the mechanical features of the transmission line 
as a whole led one of the authors some time ago to conceive and erect 
the first line of flexible steel structures in America, thus departing from 
the usual practice of rigid structures. An illustration of this line is 
given in Fig. 3. This system proving very successful and economical, 
he then became closely associated with the installation of several 
other transmission lines of this type. 

From the mechanical point of view, the worst stresses, for which a 
transmission line must be designed, are those due to the breakage 
of wires accompanied by ice deposit and wind of high velocity blow- 
ing at right angles to the line. These stresses are all comparatively 
steady except those due to wire breakage, which are in the nature 
of severe mechanical shocks, and it was the idea of attempting to over- 
come this difficulty by absorption of the shock into the system as 
a whole, rather than by impact on rigid towers of the four-footed type, 
that led to the design of the flexible tower. After a few lines on 
this system had been erected, attention was drawn to the somewhat 
similar work due to Signor Semenza which bad been independently 
experimented with in Italy, and it was found that in applying this tvpe 
of structure to American practice some noticeable advance bad been 
made over the work of previous investigators. The severe commercial 
criticism which all new projects meet with in the United States by 
those interested in them, led to great efforts towards economy, and 
that important element in final economy—durability, with the result 
that a very satisfactory system has now been evolved. 

Though wire breakages are fortunately not a frequent occurrence, 
when they do take place the trouble may either be limited to the twist- 
ing or stripping off a few cross-arms, or it may extend to the wrecking 
of several towers. It was with great pleasure therefore that the 
authors found the flexible tower system to be succeeding admirably in 
practice, and that deliberate wire breakage under the worst weather 
conditions obtainable has shown this system to be far more reliable 
than that in which the four-footed rigid towers are employed. In 
such lines the flexible structures may be interrupted by a rigid tower 
at every tenth point, but experience shows that the far cheaper metbod 
of double guying every fifth flexible structure is more satisfactory for 
lines using the smaller sizes of cables. 

In considering such a system, the amount of safe bending of the 
towers, their distance apart, the number of wires, amount of sag 
allowed, etc., must be borne in mind. Slight bending or deflection 
of the tower in the direction of the line results in the shortening of the 
span on one side. This leads to a difference in the stresses of the 
wires in the different spans, resulting in a tendency for the wires 
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themselves to act like mechanical springs, and absorb the majority of 
the shock which was produced by the breakage of the others. "This 
re-distribution of stress causes the wire to assist in a remarkable 
degree in the support of the towers and prevents the development 
of serious distortion. 

The main object in the design of these towers in this particular 
manner, is to provide ample strength sideways to withstand the wind 
stresses, and in the direction of the line, to make use of the strength of 
the wires themselves to assist the structures. How great is the strength 
available in the wires themselves may be realised when it is recalled that a 
line designed to carry six No. 1 B & S gauge (072983 in.) wires and one 3 in. 
Siemens-Martin steel ground wire will, after the breakage of any two 
coppers, have a combined ultimate wire strength in the remaining wires of 
approximately 20,000 lbs. Independently, then, of the strength of these 
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Fic. 4.—Sag of Wire between Supports. 


intermediate structures themselves, and in addition to the strength 
which is necessary to enable them to withstand the shocks of rough 
transportation, quick and cheap erection, stringing, etc., they must 
be capable of bending sufficiently to enable the remaining wires to 
tighten up on one side and slack off on the other, in order to reach 
a condition of mechanical equilibrium. 

Curve Fig. 4 is plotted between the sag of wires and the excess 
length of wire over the distance between supports, the study of this 
showing very clearly the deflection necessary for various lengths of span, 
sag, etc. For example, consider the case of a flexible tower assumed to 
have no strength in the direction of the line, and carrying seven wires 
attached on either side to rigid towers at a distance of 528 ft. from the 
central tower and set to a sag of 12 ft. If two wires be now cut, after 
the momentary surge has spent itself, the following conditions will 
obtain :— 

Let T, — the total tension on one side of the tower; T,= the 
total tension on the other side; S — the original sag before breakage 
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(== 12 ft.) ; and S, and S, = sags after breakage. Now, T, = Т, ; asan 
approximation it may be assumed that the sag in each wire is inversely 
proportional to the tension and hence 5 5, == 7 $,. Assuming a straight. 
line law over the working range, S, +S, = 24; and S, + r4 S22 
Hence S, = 10 ft. and S, = 14 ft. 

Referring to curve Fig. 4 it is seen that for a 12-ft. sag the excess 
length of wire was 0'72 ft., and for a 14-ft. sag, it is 0'96 ft. ; therefore 
the increased length is 024 ft.— 2'9 in., or, allowing for stretch of 
the wires, say 4 in. Semenza and other investigators have shown 
that this deflection is one-half what would occur if the wires were 
supported by a long line of flexible structures of the requisite strength. 
Hence the deflection under actual conditions with the line built 
entirely of flexible structures will be 8 in. or less, depending on how 
frequently “dead-end” towers are used. 
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Fic. 5.—Yield of the Earth Foundation. 


The above treatment of the whole subject is simple and approx- 
mate, but it has the advantage that it enables an easy grasp of thc 
phenomena, and the still greater advantage that for practical conditions 
it gives all the accuracy which can possibly be desired. In addition 
to the deflection obtained by this method, allowance must be made for 
the surging which will occur at the moment of the wire breakage. 

In addition to the above, a matter of great importance in the design 
of flexible towers is the behaviour of the earth. The amount and the 
manner of its yield when frozen hard to a depth of several feet, as 
occurs in the United States, is problematical; but with the weather 
conditions obtaining in England, the conditions may be assumed to be 
roughly the same both in winter and summer. The curve Fig. 5 
shows the nature of this yield, which, happily, is such as to assist 
rather than hinder the operation of this flexible tower construction. 
It will be noted that for a slight pull—that is, until the value B pounds 
is reached—there is no measurable yield of the earth. From that 
point up to a pull of C pounds, however, the earth yields very readily, 
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dnd at C a critical point is reached, after which the earth packs up and 
very readily offers such resistance that the tower will break before any 
serious movement has occurred. The slight movement obtained at first 
is, however, in many cascs, sufficient to give the tower designer a very 
free hand in considering the flexibility of the structure. 

Steel Poles.—Several standard sheet and ferro-concrete poles now on 
the market are interesting in connection with the construction of lines 
of lower voltages, since they represent very fairly the characteristics of 
wood poles with regard to flexibility. These poles, if set at distances of 
from 300 to 350ft. apart, depending upon the size and number of the 
wires to be carried, give a strength and price for line construction 
which is very favourable when compared with wood polelines. They 
have the advantage over towers, in that it is frequently possible to 
obtain greatly reduced right-of-way charges. In the United States, land- 
owners may be generally persuaded to take the same price for rights- 
of-way as they would for wood poles, while for a steel tower, which 
occupies considerable ground space, many times the price for a wood 
pole is frequently asked. 

Steel poles, however, have the disadvantage that it is somewhat 
difücult to obtain a good foundation at points where the line is subject 
to steady stresses in one direction—such, for instance, as angles in the 
line, and where guying is impracticable. Considerable care must be 
given to the foundations, and a cross-piece attached to the pole below 
the ground may be found necessary. 

The Comparative Cost of Flexible Towers, Rigid Towers, and Wood Pole 
Lines.—The task of giving the costs for transmission lines is a very 
difficult one, since even among the one or two hundred lines that have 
come under the attention of the authors the conditions varied sufficiently 
in every case to make individual estimates necessary. If, however, a 
straight right-of-way is assumed with good local transportation facili- 
ties, soft soil, and level country, with normal weather conditions, the 
curves shown in Fig. 6 could be taken as fairly representative of the 
cost per mile for a given voltage. These costs are, of course, given 
independently of the conductor, but include the poles or towers with 
all the construction necessary for erecting them, the digging of the 
foundation holes, the placing of cross-arms, insulators, and their attach- 
ment, the stringing of the wires, a single ground wire of $ in. steel, and, 
in fact, everything complete and ready for the line to operate, less the 
cost of conductor. 

It is not practicable to build a wood pole line for above about 
40,000 volts for two circuits, since the length of the cross-arms becomes 
excessive. Further, it will be seen from Fig. 6 that the cost curve 
slopes up somewhat steeply, and in the neighbourhood of 50,000 volts 
would cross the flexible tower curve. Since the latter means a construc- 
tion with an average life of thirty years, whereas the wood pole line 
can only be assumed to have an average life of twelve years, it is hardly 
possible that any one would wish to build a wood pole line for this 
voltage. The curves include the cost of all labour, erecting towers, 
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digging foundation holes, stringing wires, cost of insulators and mount- 
ing same, and all local freight (that is, from station or railway to the 
position of the line, and the cost of distributing the towers, etc., to 
their proper points). 

While considering the question of costs, it may be of interest to 
look into the figures associated with the sub-station portion of the 
equipment at various voltages, and accordingly a curve (Fig. 7) is 
given of a 2,250-k.w. sub-station, which shows clearly how the cost 
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FiG 6.—The Comparative Costs of Wood Pole, Flexible and Rigid Tower 
Transmission Lines (less Cost of Conductor) 


increases with an increase of voltage. Of course, it must be borne in 
mind that, while the costs of both the line and the sub-station equip- 
ments rise with the voltage, on the whole, due to the saving in ex- 
penditure on conductors and the reduction of transmission losses, the 
total economy of the very high-voltage system of transmission over a 
considerable distance is, of course, all in its favour. 

While the costs given above with reference to line construction are 
based upon American practice, it is interesting to note that the total 
costs for the construction of similar lines in the South of France work 
out at almost identically the same figures. Of course, the individual 
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items that make up the total vary considerably. Such an item as 
labour, for instance, is very much cheaper in France than in America ; 
but, on the other hand, the class of workman usually employed in America 
works harder and more intelligently, and, further, a little greater care is 
generally taken in the design of the towers to save as much labour as 
possible in erection, since it is realised what a serious item is involved 
in the labour of erection. 

Several types of clamps designed to hold the wire and to release it 
after a certain pull is reached have been evolved ; but though they may 
operate well under test, their action on the line after they have been 
exposed to the inclemency of the weather for some time is exceedingly 
doubtful. 

This led one of the authors to design a flared or bell-mouthed sleeve 
wire-holder, as shown in Fig. 8. The sleeve has an inside diameter 
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two or three times greater than that of the wires it holds, thus im- 
posing absolutely no stress on the towers in case of wire breakage. 
The design shown is entirely preliminary and for experimental pur- 
poses, but it might be easily adapted and made much cheaper. The 
slot underneath, with the projection immediately above it on the upper 
half, is provided in order that the wire might be tied, in the usual 
way, by light tying wire, at points where a noticeable change in 
grade takes place. 

Since the adoption of these holders on one line an unprecedented 
and severe flood caused the wreckage of a dead end tower. No harm, 
however, was done to the neighbouring towers, all the wires slipping 
through these sleeves and preventing any stress on the adjacent 
towers. Had the towers not been provided with this or a similar 
method of relieving the tresses, there seems no doubt that the giving 
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way of all the wires would have caused serious damage to the neigh- 
bouring structures. 

Before leaving this section, the authors would draw the attention of 
those interested in this flexible method of designing lines to the neces- 
sity for care in its application, and they are of opinion that the success 
with which it has so far met is largely due to the more than usual 
care in considering the mechanical aspects of the line as a whole. It 
should, however, be remembered that this system has definite weight 
limits below which it is inadvisable to venture, otherwise the life of 
the line may be seriously reduced and other mechanical advantages 
sufficiently interfered with to seriously damage this type of construc- 
tion, both from an engincering and a financial standpoint. 
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Fic. ga.—Section of a Locke Suspension Type Insulator. 


Insulators.—On account of the fact that insulators of the disc or 
suspension type (Fig. 9) as compared with the pin type are easier to 
construct, less fragile, and can easily be made of very great mechanical 
strength, they are now universally adopted for high-voltage work. Those 
most commonly employed are designed for working pressure of from 
18,000 to 30,000 volts per disc, and have a wet flash-over voltage in the 
neighbourhood of two and a quarter times this value. The illustrations 
(Figs. 10 and 11) show strings of disc insulators of well-known types 
under a flash-over test. 

When testing a string of suspension insulators dry, the voltage will 
divide in accordance with capacity effects, and when tested wet, in 
accordance with resistance effect. For instance, in a certain dry test 
one disc alone withstood 90,000 volts, and the addition of other discs 


Fic. 8.—Flared or Bell-Mouthed Sleeve Wire-holder. 


Fic. 9.—G.E., Thomas, Locke, and Lima Suspension Type Insulators. 
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Fic. 12.—Experimental Flexible Tower Transmission Line. 
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Side View of Intermediate Transmission Towers of Flexible Tower 


FiG. 124. 
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Transmission Line shown in Fig. 
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up to five gave а flash-over per disc when added one at a time, 
gradually reducing in value until the addition of the sixth disc 
increased the flash-over of the whole string only 30,000 volts, or one- 
third the dry flash-over for one disc alone. 

In the wet test, however, the addition of units from one to six gave 
a very fair approximation to 45,000 volts per disc as each was added, 
the string of six breaking down at a wet test of approximately 270,000 
volts. 

In the design of these suspension insulators the fundamental 
principles must be kept in mind, namely, that the charging current 
varies with the electrostatic capacity and the resistance varies inversely 
with the electrostatic capacity ; therefore a successful insulator should 
be designed to have minimum electrostatic capacity since high resist- 
ance and low charging current are required. Suspension insulators, 
with their fittings, should be in general designed of such strength 
that the line wire will break before they are damaged, and several 
of the best known makers supply insulators guaranteed to withstand 
a pull of 15,000 165. One important feature should not be lost- 
sight of, which is that, in case of wire breakage, the full suspension 
length is thrown into the neighbouring span, the sag of which is 
thereby greatly increased, which results in reduced stresses on the 
cross-arms. In estimating this reduced stress it may be calculated as 
though the span into which the extra length is thrown were fixed 
firmly at the other end, and then, since the adjacent towers may be 
similarly supported, the actual reduction in stress will be between 
40 and 6o per cent. of that calculated. 

Corona Effects.—Fig. 12 shows an experimental transmission line 
erected in Schenectady, New York, for the purpose of investigating 
extra-high-tension phenomena, more especially the effects due to static 
or corona discharges, and the way in which they vary with climatic 
conditions, size of wire, etc. The phenomena obtained from these 
experiments were largely investigated in connection with special 
transmission projects, and have been fully borne out under actual 
conditions of operation. 

The curve Fig. 13 illustrates the way in which the corona discharge 
increases with increase of electric pressure for a given wire when all 
other conditions are held constant, and the illustration (Fig. 14) shows 
the appearance of the same cable on a dark night when operating at a 
pressure slightly above the knee of the curve. 

It is impossible at this time to enter intothe abstruse phenomena of 
corona, but investigations have shown that the work of earlier investi- 
gators is only true under certain particular conditions, and that each 
case must be taken up separately and examined with thc utmost care. 
It is known that the amount of discharge, i.e., the loss for a given 
length of wire, varies with the elevation of the transmission line above 
sea-level—that is to say, the barometric pressure, the size of wire, the 
spacing of the wire, the condition of the atmosphere, the percentage 
of moisture, etc. 

VoL. 46. 38 
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A curious effect of the sudden increase of loss after the critical 
voltage is reached has been the design of high-tension lines operating 
at a voltage only slightly below the critical point. Any induced surge 
or other high-tension phenomena are thus automatically dissipated in 
the form of corona discharge between the wires, and the line acts as its 
own safety valve. Lightning trouble on such lines is therefore com- 
paratively small, partly due to this reason and partly to the high factor 
of insulation employed in the apparatus operating on such systems. 

Transformer apparatus especially is particularly free from the 
effects of lightning. When lightning trouble causes flash over on the 
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FiG. 13.—Corona Loss. 


lines with pin-type insulators it usually results in broken insulators, for 
the higher the line voltage is the greater the tendency for the arc to 
hang on and rupture the insulator. This breakage of line insulators 
has been greatly obviated by providing an earthed metal ring round 
each insulator. This permits of the arc being transferred from the 
mctal pin supporting the insulator to this ring, and thus the fracture Ф 
the petticoats of the insulator is eliminated. 

The general practice is to use a ground wire for the protection of 
the line itself, and lightning arresters of the electrolytic type for the 
protection of the station. In general, however, troubles from lightning 
are noticcably less on the very high-tension transmissions since the 
normal voltage is so much nearer that of the static voltage induced 
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and the insulation of the apparatus is heavier. Further, in case of 
malicious short circuiting, the current is usually of small magnitude, 
and can be more easily handled by the protective devices. 

Continuity of Service.—In the majority of cases a transmission line is 
of small commercial value unless continuity of service can be assured. 
The causes of interruption may be divided into three classes, viz. : 
(1) mechanical failure; (2) mechanical failure following electrical 
causes ; (3) wilful damage. 

Mechanical failure is, of course, due fundamentally to insufficient 
strength in some part of the construction. It may be caused, however, 
by accidents which could not have been foreseen. "The chief causes 
for this trouble are land slides, severe floods, deposits of ice on wires, 
either alone or accompanied by very heavy winds, or even by ordinary 
climatic conditions if inadequate foundations are provided. 

In England trouble from land slides and floods is not to be feared, 
since the geological and weather conditions have been studied and 
carefully recorded for very long periods, so that there is ample data 
at hand for the designer. A deposit of ice may occur at times in 
certain parts of England and somewhat more frequently in Scotland, 
though it is very much to be doubted whether it will ever occur to 
such a serious extent as is prevalent in certain parts of the United 
States. Hence the following comments, as the results of exhaustive 
investigations by the authors into the occurrences of this phenomena, 
may be of interest. 

(a) Ice forms equally freely on wires whether they are alive or dead 
up to an operating voltage of 110,000. This statement assumes, of 
course, that the wires are not operating at a large enough load to 
warm them. The largest ice deposit noted was one of 5 165. weight 
per foot length on a No. 4 B & S gauge (072045 in.) wire. 

(b) Ice clings with considerable tenacity to the lines ; for example, 
the wire may fall to the ground and the ice still remain attached. 

(c) The ice coat may form in a circular, or lozenge-shaped section, 
and with the wire either in the centre of the deposit, or considerably 
displaced therefrom, depending on the weather conditions. The 
lozenge-shaped formation where it occurs with the longer axis vertical 
will give a greater wind area than that usually allowed in calculations. 

(d) As the ice melts, it may drop off from all the wires of one span, 
and remain on those of the next span, thus giving an unbalanced pull 
on poles or towers. 

(e) An aluminium line will collect as much sleet and ice as copper 
or steel lines of the same section, indicating that the factor to be con- 
sidered is the exposed surface of the wire, and not the material of which 
it is made. 

(/) It is quite possible for sleet to collect at 32° F., and the tempera- 
ture afterwards to drop considerably, so that calculations made to 
determine the maximum stress in the wire should be based on a sleet 
deposit at the lowest temperature to be expected in the district 
under consideration. 
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(g) The ordinarily well-constructed line, that is properly maintained, 
need not suffer strain from the stresses due to the formation of ice. 
In fact, though cases are on record of transmission lines having trouble 
from this cause, they are somewhat rare. The reason for this is, without 
doubt, that a conservative allowance is made in designing and building 
the line. For districts where this trouble may occur, in general, no 
wire smaller than a stranded one of equivalent section to No. 4B & S 
gauge (02043 in.) should be employed for the long spans used in 
power work. 

In England it is easy to obtain reliable figures as to the maximum 
wind velocity to be expected in any district, and it should not be for- 
gotten that the pressure resulting from high winds increases very 
rapidly with a slight increase in velocity. In general the highest wind 
velocities occur during the winter and spring months, that is to sav, 
during the periods when deposits of ice on the wires are possible. The 
weather conditions in the United States are more severe than those in 
England, but the usual allowance there is 4 in. thickness of ice all round 
the wire with a 65 mile per hour actual wind velocity occurring at the 
same time, or } in. ice with an actual wind velocity of 77 miles per hour. 

It is an interesting fact, borne out by long experience, that con- 
ductors of the same length and equally taut, will swing synchronously 
in any wind if the line ts properly designed. Thus there is practically 
no danger of crossing or short circuit in the case of long spans. 

The question of foundations for transmission line structures is one 
which has frequently not received sufficient attention. Where the 
structures arc exposed to floods accompanied by floating ice, a regular 
crib work base should be used, such as would be employed in the case 
of harbour work, breakwaters, etc., with glancing timbers. For cross- 
country construction in good soil concrete foundations are practically 
never used in the United States. The ground stub is buried to a 
depth of about 6 ft., and a cross-piece, consisting of channel section 
about 1 ft. wide by 2 ft. long, is found to be sufficient. For swampy 
ground concrete foundations are generally desirable, and if the ground 
is very soft and the swamp deep, it may be necessary to resort to pile- 
driving. 

The foundations of steel poles are frequently rather difficult to 
manage, especially if a heavy line or a large number of light lines are 
carried. The tendency is for a steady wind blowing on one side of the 
line slowly to move the poles out of the vertical, and though, if the 
foundations are properly made, this can never be serious, yet it greatly 
detracts from the appearance of the line. At corners, and also at 
angles in the line, this is, of course, much more liable to happen, and 
ample bearing surface should be provided, both at the extreme base 
of the pole and also near the earth surface, in order to withstand the 
leverage. | 

Mechanical failure may occur due to electrical causes, when heavy 
short circuits take place, or with a sudden electrical disturbance which 
causes a power arc of sufficient intensity to sever the wires, or damage 


FiG. 14.—Appearance of Corona on a }-in. Cable at Night, Operating 
at Pressure above Knee of Curve, Fig. 13. 
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parts of the towers. The most frequent origin of this trouble is light- 
ning discharge, though the very high-tension lines are largely free 
in this respect. The considerations given in the following items 
should receive the close attention of those interested in this subject. 

I. In considering the district through which the transmission line is 
to pass, a careful examination should be made of the topography of the 
country, and districts especially subject to lightning should be, as far 
as possible, avoided. It is generally preferable to run along a valley 
instead of over hills, when feasible. 

2. Continuity of service will best be maintained by building two 
separate lines, which should run as far as possible apart. It would 
seem advisable that the distance between -lincs should be at least 
I mile, and as much more as practicable. 

3. Experience shows that a ground wire is of undoubted value, and 
better results may be expected from two than from one. They should 
be placed as far above the copper wires as is practicable. The over- 
head ground wire should be connected to the earth with great care at 
cvery tower where steel construction is used, and at every third pole, 
at least where wood construction is used. 

4. To provide for cases of direct lightning stroke, it is very valuable 
to have a lightning rod on each tower. "These rods need only be made 
of light material, and should extend at least 6 ft. above the tower, and 
more if practicable, and should have sharp points. | 

5. А liberal factor of safety should be allowed on the insulators. 
This is a part of the line where it will be found profitable in the 
long run to spend plenty of money. The tests on the insulators should, 
of course, be made under dry and rainfall conditions, and the propor- 
tion which the flash-over value bears to the working voltage of the line 
depends on the operating voltage. In the authors' opinion, it should 
always be considerably greater than twice the line voltage. 

6. For lines operating at the higher voltages, the critical corona 
discharge value should be borne in mind, and the line designed 
to operate slightly below this point. In this way high potential 
discharges will then be automatically relieved, as previously explained. 

7. Grounding of the towers should be done very thoroughly, and 
when they are placed in foundations of concrete, their steel legs may 
be allowed to pass below the concrete foundations into the wet earth. 

8. Ample spacing should be used for all high-tension transmission 
line wiring. А good rule which holds between 30,000 volts and 100,000 
volts is 1 ft. per 10,000 volts (e.g., 40,000 volts, 4 ft. ; 70,000 volts, 7 ft.) 
but this is modified in some cases by mechanical considerations. 

9. А number of other expedients may be employed to meet 
mechanical trouble at points on the line where there is reason to 
suspect special danger, such as the employment of wooden cross-arms 
(if the climate is dry enough to permit of their use), or protection of 
the insulators by the double-ring method. 

The cause of failure given as due to “ wilful damage” is, of course, 
special and largely local. The chief trouble is due to the use of the 
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Fic. 16.— The Grounding Cross-arm Device Standardised by one of 
the leading Eastern American Railways. 
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insulators as targets by would-be rifle experts, and some of them аге 
only too accurate in their aim, to the annoyance of the unfortunate 
man responsible for the maintenance of the line. Cases are on record 
where the overhead line has been short-circuited to throw out the 
automatic circuit breakers, and then torn down by mule teams to be 
sold as old copper. Again, dismissed employees have vented their 
grudge against the operating company by cutting the wires and other- 
wise interfering with thc operation of the line. Such annoying occur- 
rences can, of course, only be dealt with as they occur, at the discretion 
of the local management ; still they have to be foreseen, and emphasise 
the necessity for a duplicate transmission line some distance apart. 

Protection of Highways, Railways, Telephone Lines, e(c.—O wing to the 
conflicting interests which have at times controlled the railways, power 
companies, tramways, and telephone systems in the United States, few 
branches of transmission work have received more careful attention 
and will better repay the study of those interested than the protection 
of highways, railways, and telephone lines at points where they arc 
crossed by high-tension electric power lines. | 

Perhaps the best approved methods of protection adopted in the 
Eastern States for railways and highways are the grounded cross-arm 
device, and the system which depends for its safety on very rigid 
mechanical specifications for the crossing span. The method first 
insisted upon by some of the leading railways was that the lines must 
be carried above a steel bridge structure spanning the railroad. This 
is now realised to be unnecessary by all parties concerned, while the 
grounded cage net for highways is found to be a source of almost as 
much danger as that which it should guard against. In addition, the 
expense is unwarranted in view of the fact that better and cheaper 
methods are available. 

An ingenious system which has been used is illustrated in Fig. 15. 
In this system the span is supported immediately on either side of the 
railway or highway, and the spans on either side of this crossing span 
are of extra length. The two crossing poles carry the necessary 
insulators, etc., but the wire is not tied tightly to them, but is supported 
in such a manner that in case of breakage it will readily slip through 
and be pulled clear by the longer spans. 

All the above systems of crossing spans are guarded by strict 
mechanical and electrical specifications into which it would be tedious 
to enter here. These deal with the clearance, alignment, type of 
support, nature of steel or wood, foundations, guys, cross-arms, 
insulators and hardware, wires and cables, messenger cables, anchor 
devices, protection and grounding, etc. Further, the details are 
specified with regard to the load basis (dead load, ice load, and wind 
load), the breakage conditions under which structures must remain 
standing, the factors of safety, temperature limits, thickness of material, 
and such other items as are usual in steel work. "With regard to the 
telephone crossings, these are slightly different. 
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STEEL TOWER LINE. 


Cost per Mile—3-phase Twin Circuit with Ground Wire. 


Voltage of line... . | 50,000 | 60,000 | 70,000 | 100,000 | 125,000 | 


£ £ | £ 
Towers.. sa m 288 
Insulators M 33 40 60 65 | 72 


Sleeves, guy clamps, etc. 
wire clamps, poete] 3 
wire, additional for | 5 
crossings, etc. 


About t. f 
io pe E ud a 17 18 I9 20 | 22 
Material, total, say Ps 363 392 | 394 410 460 
Labour, average ©з 79 | 98 100 | 100 
4600 470 | 492 510 | 560 | 


APPENDIX II. 


With a view to compressing as much useful information in this 
paper as possible, the authors have added as an appendix the two 
following specimen specifications, the one dealing with the concretc 
case of the towers for a 100,000-volt line, and the other with the 
insulators for a line operated at similar pressure. 


SPECIFICATION FOR STEEL TRANSMISSION LINE TOWERS. 


General.—These structures are to be used for a transmission line of 
approximately 150 miles in length in a sleet district. 

The structures and cross-arms covered by this specification are to 
be of steel, and will be used to support the insulators, conductors, and 
ground wirc for an electric power transmission system operating at 
100,000 volts. 

The structures are to be designed to support :— 


Six line conductors of stranded hard-drawn copper wire or wires 
having an area equivalent to No. oo B. & S. gauge (0°3648 in.), 
and also a ground wire raised above the line conductors to 
such height that a line drawn from the ground wire to the 
outermost conductor will give an angle not greater than 45° 
to the vertical. The ground wire or wires to consist of g-in, 
Siemens-Martin double galvanised stranded steel cable. 
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The conductors must be separated from each other by a distance of 
at least 1o ft., and a sag of 18 ft. will be allowed on the suspended wires. 
A tower spacing of боо ft. is proposed, and the minimum clearance 
between the lowest live wire and the ground is to be 25 ft. 

No member of the towers is to be made of metal of less than ¥,-in. 
in thickness. | 

Metal steps аге to be provided to within 8 ft. of the ground so as to 
facilitate the ascent of linemen, arid in general, the construction of the 
towers shall be such as to permit of linemen ascending to any circuit 
with safety while the other circuit is alive. 

The riveted sections of the towers shall not be of such size as to 
interfere with their being readily assembled in the field by means of 
bolts and nuts. 

The towers are to be furnished complete with the necessary 
fittings, cross-arms, ground wire clamps, bolts, nuts and washers, and 
no concrete foundations are to be used except for swampy ground or 
angles in the line. 

Strenglh of Towers.—The assembled towers will be required to 
stand the following mechanical stress tests at the same time without 
distorting appreciably or causing any member to exceed its elastic 
limit :— 


I. A horizontal load of 5,500 lbs. applied in the direction of the 
line. The load to be distributed evenly between any two 
cross-arms and to be applied at the point where the insulator 
will be located. 

2. A horizontal side stress of 4,800 lbs., plus an allowance for wind 
pressure of 30 lbs. per square foot of the projected area of the 
tower. The total load to be applied at the centre of gravity 
of the wires and at right angles to the direction of the line. 

3. А vertical stress at the point of attachment of the insulators of 
1,200 lbs. 


Protection of Melal.—All parts of the structure shall be thoroughly 
galvanised by the hot process after all punching, cutting, and other 
machine work is completed. For all threaded parts the sherardising 
process is preferred. 

Painting with special metal paints, or with ordinary paint, may be 
estimated on, but if so, this must be clearly stated and the paint 
adopted must be approved by the purchasers representative. 
Tenderers under this item must also agree to prepare parts of the 
tower with one coat of paint before shipment and the surface of 
members to be riveted together must be carefully painted before 
riveting. 

Insulators.—Suspension type insulators are to be used and the wire 
is to be supported approximately 3 ft. 6in. below the cross-arm. 

Quality of Stecl.—The quality of the steel used in the construction of 
the towers and cross-arms shal] be in strict accordance with the latest 
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specifications for structural plate and rivet steel as adopted by the 
Association of American Steel Manufacturers. 

Inspection and Test.— The purchaser is to have the option of having an 
inspector at the place of manufacture, who will have the authority to 
reject any or all poles, or parts, which do not adhere to the interpreta- 
tion of this specification. 

Specifications for Galvanising Slecl.—' The galvanising shall consist of 
a coating of zinc, evenly and uniformly applied. "The zinc shall be so 
applied that it will adhere firmly to the surface of the stecl. 

Any specimen shall be capable of withstanding the following test :— 

Test.—Not less than three pieces shall be selected for test from 
each tower structure, and they shall be immersed in a standard solution 
of copper sulphate for one (1) minute and then removed, immediately 
washed thoroughly and wiped dry. This process shall then be 
repeated. If after the fourth immersion there should be a copper- 
coloured deposit on the sample or the zinc should have been removed, 
the lot from which the sample was taken shall be rejected. 

Standard Solution.—The standard solution of copper sulphate shall 
consist of a solution of commercial copper sulphate crystals in water. 
This solution shall have a specific gravity of 1°185 at seventy (70) 
degrees Fahrenheit. While a sample is being tested the temperature 
of the standard solution shall at no time be less than sixty (60) degrees 
Fahrenheit, nor more than seventy (70) degrees Fahrenheit. 

Sherardising.—Sherardising is preferred for all threaded parts and 
may be quoted on for the whole structure. The test is to be the same 
as that given above for galvanising. 

Alternalives.—Wherever a manufacturer can give a total price per 
mile less than would be given by following this specification com- 
pletely, and with equal mechanical and electrical safety, the purchaser 
will be glad to have a statement of this alternative. 

Contractors are reminded that the erection of this line in the field 
will embody a large proportion of the total cost of the line, and anv 
features in their design which will economise in line construction may 
be drawn to the attention of the purchaser's engincers. 


SPECIFICATION FOR SUSPENSION ТҮРЕ INsULATORS FOR A LINE 
VOLTAGE OF 100,000. 


Insulators.—The insulators shall be made of first class, evenly fired 
porcelain ware, cach part and the complete insulator when assembled 
as a whole to be symmetrical and not appreciably warped. 

Glaze.—The entire surface of the ware excepting those areas which 
are to be set in the cement and such areas as are necessary for support- 
ing the ware in the kilns shall be uniformly coated with a brown or 
slate colour glaze at the option of the purchaser. This glaze shall be 
hard and firm, and free from grit. 

Cement.—The cement used in assembling the insulators shall be of 
the best quality Portland, neatly run in and allowed to set until sufh- 
ciently hard for handling (at least twenty-four hours). 
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Testing the Design.—One sample of each type of insulator to be 
considered shall be subjected to the following tests, and the purchaser 
reserves the option to subject one out of every five hundred to the 
same tests. 

Fragility.--Only designs will be considered which are examples of 
rugged construction, and so formed that there will be a minimum 
exposure of any fragile part to missiles from below. Asa guide, the 
following test may be carried out :— 

A single disc shall be suspended from a wooden beam до ft. above 
the ground, and the purchasers' representative shall stand 45 ft. from 
the base of the pole. The insulator shall then withstand eight charges 
of No. 6 shot and four charges of No. 4 shot without breaking. Each 
charge shall consist of 31 drams of smokeless powder and 1} oz. of 
shot Winchelsea Leader shell. The test is to be carried out with 
I2-gauge choke-bore shot-gun. 

Mechanical Stress Tests.—After it has been decided from the elec- 
trical tests how many discs shall constitute a complete suspension unit, 
this number shall be attached in a string and supported from a beam, 
the string to carry at the bottom the same clamp which will be used to 
carry the wire, and a cable being inserted in this clamp, a load of ... * 
pounds shall be applied without rupture or signs of distress in any part 
of the string. а 

Electrical Tests.—Sufficient suspension discs must be strung in series 
to stand, without flash-over, a potential of 300,000 volts (sine-wave 
generator), this potential to be maintained for r5 minutes continuously. 
The same potential to be carried by this complete unit for 15 minutes 
when exposed to precipitation of 1 in. in five minutes under a 45? spray. 

Throughout these electrical tests the string of insulators is to be 
supported on a metal cross-arm, and the voltage is to be applied 
between this cross-arm and a 5-ft. length of the transmission line cable 
which is to be used on thelinc. This 5-ft. length to be gripped firmly 
in the clamp in the centre, and projecting each side 24 ft. 

At 1.2 1 times the normal potential across the string (100,000 volts) 
there must be absolutely no sign of static discharge either on the insu- 
lator or any of the fittings ; nor must there be any sign of corona on 
the same parts visible to the eye in a dark room. 

Inspeclion of Order.—Having decided upon the design, the entire 
order of the insulators shall be inspected and tested as follows :— 

Mechanical Inspection.—A mechanical inspection shall be made of 
all insulators and those rejected which contain open holes or cracks in 
the glaze or porcelain. The inspector shall use a light-weight mallet 
to rap each part, and note by the ring the soundness. 

Air Cells.—Occasional samples of the ware shall be broken to see 
that they do not contain air cells of foreign matter. 

(Continued on page 586.) 


* Depending upon the size of wire to be used. 


t This arbitrary value of 1,3 represents probable maximum voltage on system due 
to usual fluctuations of load. 
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Puncture Testl.—Every disc shall be tested for ten minutes con- 
tinuously, with the voltage held just below the arc-over point. 

General_—The insulator makers shall be required to furnish all 
facilities, equipment, and labour for making tests and inspection as 
specified above, and shall at all times allow free access to such 
facilities and equipment by the authorised representative of the 
purchaser until the entire order is inspected. 

The insulator makers shall agree to deliver to the purchasers 
representative finished discs at the rate of ...... discs per working 
day continuously after arrival of said representative at the insulator 
factory, in response to a written notification from the insulator makers 
that the order is ready for inspection and test. 

Boxing.—Each complete string of insulators forming one complete 
suspension unit shall be shipped separately in a barrel or box, and the 
purchaser agrees to notify the contractor as to the proper shipping 
instructions within three days after the inspection begins. 


DISCUSSION. 


Mr. D. C. Jackson (President of the American Institute of Electrical 
Engineers): The subject of high-tension transmission is one of great 
interest to America, and it istherefore a peculiar pleasure to me to be 
here this cvening at the reading of these two interesting and valuable 
papers. The reasons for the particular interest of America in this 
subject are perhaps partially manifest to you; the large water-powers 
of the nation are needed, and they are needed at centres of utilisation 
that in many instances are far removed from the waterfalls them- 
selves. There is another set of reasons which are more peculiar 
perhaps to American conditions. While we have great water-powers 
we have also great coal-mines, as is true of other countries, but 
America is a very large country and the coal-mines in many instances 
are remote from the important centres of manufacture and the centres 
of utilisation. Consequently we have the problem of getting the 
energy of the coal to the centres of utilisation, and while we must 
admit that perhaps the cheapest method of transporting the energy 
of coal to a distant centre of utilisation is by hauling the coal by rail, 
providing the grades are light, yet in a great many instances the grades 
are heavy. Then we find that transmission by electric current on a 
wire may be very desirable—and accompanying that we have this 
proposition facing us: The steam railroads are apparently moving 
towards the electrification of their systems, and it is now being thought 
amongst those who are, perhaps, a little radical in their engineering 
views, and perhaps a little ahead of their times, that great power- 
generating plants, of perhaps a quarter of a million horse-power each, 
may be erected at various intervals, consisting of steam-turbine generat- 
ing stations near the coal-mines, and be utilised to sell power to the 
railways and to the manufacturing centres, in conjunction with the 
water-powers, thus bringing ultimately into almost universal service in 
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the nation, the power from the coal-mines and the power from the 
waterfalls. Now, alternating currents have in a sense come into their 
own for this purpose of high-voltage transmission ; at least they have 
come to play a tremendous part, апе to the fact that it isso casy to wind 
large alternating-current generators for quite high voltages, so that the 
magnitude of the currents will be within reason for the purposes of 
controlling in the switch houses, and it is also easy to make transforma- 
tions to still higher voltage for transmission purposes and then re- 
transform at any convenient point for a sub-station or sub-stations, as 
they may be located along the line. 

Direct currents will apparently always play a large part. It is 
dangerous to prophesy, but they seem to have found a large place for 
distribution purposes, especially in the larger cities. But even in 
the large cities we have come to what formerly was known as 
high-voltage transmission by alternating currents, because in most 
of our large cities we now generate voltages close upon 10,000, 
perhaps 13,000 volts. One of the great cities in America has 
transmission at 20,000 volts. The transmission is by underground 
cables in many such instances. In other words, we have gone to 
underground cables with voltages which were beyond the reach 
of practice on overhead lines a few years ago, and that is making it 
possible to do what I understand your honoured President planned and 
tried to do some years ago when he was ahead of his day, that is, to 
furnish the entire power supply of a great city from comparatively few 
power centres ; from power houses with individual capacities of perhaps 
some multiple of tens or even hundreds of thousands of kilowatts. The 
power house that has 100,000 k.w. of generating capacity in actual 
readiness for service is perhaps still a unique institution in the United 
States, but it will soon be one of anumber. But in those instances of 
the American cities here referred to, a great part of the power is 
utilised as direct current, while the primary generation is by alternating 
current. 

As illustrating the way in which we have come to look upon the high 
voltages with comparative satisfaction, I will speak of опе instance, which 
is somewhat of a commonplace, namely, the service for the interurban 
electric railways, as they are called in the United States. The inter- 
urban electric railways run from village to village, and city to city, 
sometimes being of relatively small length, but in some instances being 
of considerable magnitude. One system has some 600 or 800 miles of 
main track, another system has оо or 500 miles of main track, and so 
on. Where these long systems are direct-current railways operating 
at 500 or боо volts, the power is usually transmitted by mcans of 
alternating currents generated at conveniently located large power 
houses, the generators being, perhaps, 2,500-volt generators, perhaps 
5,000-volt generators, or perhaps 13,500-volt generators, as the case may 
be ; but the power is transmitted to converter sub-stations at from 25,000 
to 60,000 volts, and the transmission lines are handled by ordinary 
electric railway employees who have been brought to a knowledge of 
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how to handle electric lines. Ten years ago, those of us who were 
most familiar in the United States with high-tension transmission of 
power would scarcely have undertaken to put 60,000-volt lines, and we 
would have hesitated to put 25,000-volt lines, in the hands of any but 
very skilled теп; but to-day we do not hesitate to put 35,000-volt lines 
in the hands of men who may be called unskilled. 

Now we are facing the necessity of raising the limit of the voltage. 
The limits of practical voltage are set by various engineers who 
believe they know what may be practicable ; some put the practicable 
working limit for the future as low as 200,000 volts between wires, some 
say 300,000 volts, and if the limit can be pressed to 500,000 volts it will 
make it possible, I think, to couple almost any power station in the United 
States with almost any other, and from that point of view it seems to 
me almost necessary for us to find a way. However, there are 
difficulties with the present practicable forms of line construction. If 
we go above 120,000 volts the losses due to corona and convection 
current between wires at the now practicable distances apart are really 
startling, especially in the higher altitudes in the upper plateaus of the 
country. More must be learned in regard to the actions of the electrons, 
or whatever it is that causes the trouble, before we are able to go much 
further than practice has yet reached. However, I have confidence in 
the ability of the engineers of the world to make the necessary discoveries 
and inventions to carry power transmission on to a very much wider 
limit than it has yet reached. 

Mr. B. WELBOURN : I think possibly both the papers are slightly 
misnamed, in that they deal with high-tension transmission and seem 
to take it for granted that that transmission is by overhead lines only, 
and that there is no question of transmission of power for any con- 
siderable distance by means of cables. I only mention that in passing, 
because there are certainly makers on this side of the Atlantic who 
are prepared to build cables for 30,000 volts alternating-current trans- 
mission, 3-phase, or for continuous-current transmission at 100,000 
volts. Mr. Taylor, in his paper, has, I think, hardly done sufficient 
justice by his passing reference to Mr. Thury's work in the trans- 
mission of power by the direct-current method. The Moutier-Lyons 
line is a notoriously successful one and is operating at present and has 
done so for something like seven years past, at a pressure of 58,000 
volts. Ithink the most important point for us engineers here to-night 
is possibly to consider what is the effect of the papers on English 
practice in transmission pole-line work. In the neighbourhood of 
London there is very little of it, but in other parts of the country, such 
as Newcastle, Lancashire, Yorkshire, and Scotland, there is a very con- 
siderable amount of pole-line work being carried out, and up to the 
present it has been almost entirely carried out by means of creosoted 
wooden poles. Now it makes one pause when one sees statements in 
both papers that the average life of poles that one can expect is only 
twelve years. Ithink that must be referring to untreated poles only, 
because in England we are using well-seasoned, well-creosoted polss, 
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and I am very much mistaken if the life will not be nearer twenty-five M 


years than twelve. I hope that before this discussion ends we shall 
have statements from engineers from the Post Office and the National 
Telephone Company, because they have really reliable data to go 
upon. Another point brought out in the paper is the question of the 
length of spans. In this country, so far as I know, the longest spans 
are 8o yards, and those are commonly employed now. The longest 
individual span I know of in this country was one I put up three 
months ago, 368 ft. long, but that was quite a special case ; to get over 
a wayleave difficulty we had to jump a field. 

I notice that neither of the papers deals with the question of the 
automatic protection of the lines in the event of a fault. In this 
country, both for underground systems and also for overhead systems, 
the Merz-Price protective gear is being very extensively employed. I 
do not propose to go into the merits of that gear to-night because it is 
very well known to the members of the Institution, but I should like 
the authors to tell us in their reply whether this system is anything 
like that which has been applied in America to the protection of 
overhead lines, because this method of protection does give instan- 
taneous isolation of a faulty section. The gear certainly operates 
within ус of a second of the fault occurring, and the lines are cut right 
out of the circuit, long before any synchronous plant that may be 
running can fall out of step. | 

I think that a very controversial point is raised by both papers 
on the use of the longitudinal earth wire on these poles. Both papers 
seem to take it for granted that that is a common and most useful 
practice. Some time ago I had a trip from the Atlantic to the 
Pacific, I saw a great many of these lines and made very particular 
inquiry on this special point from practically all the engineers who are 
operating lines in Canada, and I found that, instead of there being 
unanimity on that point, there was very great diversity of opinion. 
Some of the most recent lines that I saw were put up entirely with- 
out any continuous earth wire. Others that had them, condemned 
them root and branch. One engineer, who had lines both with and 
without, said that his lines were struck indifferently by lightning, and 
he certainly would not put up any more lines with a continuous earth 
wire. I agree with the earth wire for mechanical reasons, and for 
electrically bonding together the metal on poles, and also for earthing 
purposes for the prevention of shocks in the case of a breakdown of an 
insulator, but I consider that the longitudinal earth wire should be of 
the same material as the line wires themselves, and therefore have the 
same life. Ithink it is very questionable indeed whether we ought to 
put up a galvanised wire above copper or aluminium, because it may 
come down, and if the supply cannot be interrupted I do not see how 
the earth wire is going to be renewed. I hope the authors will give 
us more information upon that particular point of maintenance. 

Then I turned to both papers seeking for information on the use 
of aluminium conductors for overhead lines, and I was disappointed 
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not to find very much information about it. In England, I think one 
of the outstanding features of the engineering of 1910 was the sudden 
prominence which aluminium obtained and the tardy recognition of 
it by engineers. There is a very great deal of aluminium pole-line 
work being done in this country. The nearest one to London is that 
which we are putting up for the War Office at Aldershot. The sizes 
of aluminium now being used in this country vary from No. 14 
gauge to r'4 sq. in. section. I mention the lower figure, i.e., the 
No. 14 wire, because about four months ago we had 15,000 yards 
of it to put up. We also put up 5,000 yards of No. 12 gauge wire. 
I believe it was considered rather a bold venture, because some years 
ago Mr. Trotter read a paper before the Institution of Civil Engineers, 
and in the discussion upon it Sir John Gavey gave his experience, 
when Engineer-in-chief of the Post Office, to the effect that some 
single aluminium wires that he put up in the Midlands, either for 
telegraph or telephone purposes, all came down with the first storm, 
every individual span breaking. Those were the early days of alu- 
minium, of course, and most new industries have their teething 
troubles. In view of that experience I have watched very closely 
indeed the behaviour of this wire that has been put up. It has had 
several gales on it and a good deal of frost and snow, and up to date 
there is no increase in sag that can be measured, so that there is good 
reason to think that the improved production and improved methods 
of manufacture have got over those initial troubles. I do not speak 
too positively because the experience is only short, but the behaviour 
of it up to date is extremely good. 

There is one further point I should like to mention in connection 
with Messrs. Matthews and Wilkinson's paper. The authors say that 
it may be taken for granted that the accumulation of sleet and snow 
on aluminium and copper wires is the same. On that point I have no 
experience whatever, but last week I had the advantage of a conversa- 
tion with one of the most experienced operating engineers from 
Canada. He has aluminium transmission lines and has also had 
experience of copper, and he was very emphatic on the point that the 
aluminium does not collect as much sleet as the copper. I hope the 
authors will give us some further information in support of their state- 
ment. 


ADJOURNED DISCUSSION, FEBRUARY 9, 1911. 


Mr. 5. С. REDMAN : The subject of the papers appeals very strongly 
to the members of the Institution, particularly to those on the north- 
east coast, where a considerable amount of overhead transmission 
work has been carried out. Reference has been made in one of the 
papers to the 20,000-volt overhead system ; and although these lines 
are not directly comparable with the extra high-tension systems described 
in the paper, or with the very long distances mentioned, it may be of 
interest to show on the screen at the conclusion of my remarks some 
examples of the work carried out round about Newcastle and Middles- 
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brough. On page 514 of Mr. Taylor's paper he makesa general statement 
to the effect that the voltage at the receiving end of a transmission line 
tends to be higher than at the generating end, and illustrates this by 
the diagram shown in Fig. r. The diagram is certainly far from clear, 
if not incorrect, and the fact of the rise in pressure, though true in 
certain cases of transmission by underground cables, is not true of 
overhead lines. The only possible cause in the case of overhead lines 
for any pressure rise at the far end would not arise from the line but 
from the presence of over-excited synchronous plant in substations. 
The advantages of aluminium lightning arresters can be endorsed by 
the experience on the north-east coast, where several have bcen in use 
for some considerable time, and the number will be augmented very 
considerably in the near future. Turning to Messrs. Matthews and 
Wilkinson's paper, it is stated on page 574 that “ conductors of the same 
length and equally taut will swing synchronously in any wind." In 
practice experience has unfortunately been the reverse of that. It is 
certain that under working conditions of ice and snow, wires erected 
equally taut do not remain so; with spans over 80 yards long they 
certainly do not always swing synchronously, and the spacing on 
the poles has to be appreciably increased to allow for this. On 
page 577 an arrangement is referred to for railway crossings. This 
arrangement, as shown in the illustration, would not be accepted by 
any of the railway companies in this country—at any rate, not by any 
railways on the north-east coast. It appears to be only of use if the 
conductor can be depended upon to break in the middle of the short 
span. If it were broken in the middle of the long span, one feels that 
the wire would sag and gct unpleasantly near the railway tracks. 
The price curves given for overhead line work cannot be touched 
in this country, but then, of course, we do not work in such large 
mileages. The figures showing the number and extent of systems 
employing very high tension transmission which: are given at the end 
of the paper are surprising to many of us, and we are grateful to 
the authors for bringing: before us so many of the points which come 
into consideration on these very long lines. 

Mr. A. P. TROTTER : One feature of these papers which distinguishes 
them from so many that we have before us is that they deal with 
foreign work. A great many of the papers read before this Institution 
are rather of the parish pump description, but it is a very good thing 
that we should hear of what is going on elsewhere. We may discuss 
these papers on engineering merits, but they are also of considerable 
guidance to those engineers who, having experience in British practice, 
may some day have to go to countries where work of another 
kind is wanted. These papers deal with high pressure—with higher 
pressure than we have in this country. It is well known that some 
Americans on first landing here are surprised at the small locomotives 
we have on our railways. They account for it by the fact that if we 
had larger ones they might run over the edge of our little island. The 
same sort of thing applies in respect to the transmission of electrical 
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energy. It is rather doubtful if we have transmission lines long enough 
to make it worth while working at these high pressures. High-pressure 
transmission means long distance transmission, and the cost per mile 
depends upon economic matters made up of several factors. Rail- 
way rates are composed of two principal factors: the terminal 
charges and the ton-miles. The cost of the terminal charges in a 
high-pressure line are very considerable ; the cost of the switchgear 
is about proportional to the volts, and expensive substations are 
required ; and I think it will be found that the terminal expenses 
of these very high-pressure systems would not be warranted on the 
short lines that we have in this country. With higher pressures 
everything is more expensive except the conductor. It is probable 
we shall not go very much further than 20,000 volts with ordinary 
alternating supply. Somebody said the other day in a discussion that 
in this country we are behind-hand as regards pressures and lengths 
of overhead circuits, due largely to the stringent restrictions of the 
Board of Trade. It may be so, I have not come across these re- 
strictions myself. We have a limiting pressure for alternating current 
overhead work of 250 volts. Anything below that has to comply with 
certain regulations, and anything above 250 volts has to comply with 
another set. If it is 250, 2,500, or 25,000 it does not matter—it is a 
bad thing to touch. It has got to be safe, and that is all. When these 
20,000-volt lines came along there was absolutely no difference 
whatever made in the Regulations from the 6,000-volt lines. The 
spacing of the wires and the insulators are different, but there are 
no regulations about them. Ordinary engineering practice will take 
care of that. In the use of these high pressures we are not quite 
so behind-hand as is supposed. It was our President who, twenty-two 
ycars ago, startled both England and the whole world by using 10,000 
volts, and his concentric system of mains has been proved to be 
absolutely safe. Nota single accident to the public has been heard 
of so far as the 10,000 volts is concerned. Then, again, we shall not be 
so very much behind-hand shortly. Four years ago Mr. Highfield 
told us about the continuous-current high-pressure system, and I look 
forward with great interest to a 120,000-volt distribution to the West 
of London. 

Mr. Taylor's paper starts off by referring to the old-fashioned, slow- 
going ways of this country, that we 'are a conservative country, but tbat 
the attitude of the authorities is gradually changing. I suppose he 
means the local authorities that give so much trouble with wayleaves. 
The next thing to which I wish to refer is the question of wooden 
poles versus steel poles. "There, again, I think these papers are very 
valuable as showing what is done and what must be done in other 
countries. At the same time I do not think that we can go so far as 
one of the authors, who says that wooden poles are now practically a 
thing of the past. In America, where the process of creosoting is 
unknown and would be impracticable, they like to cut the poles down 
by the side of the line and put them up as they go. Of course wooden 
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poles would not be suitable for some of their work. Above 20,000 volts 
the construction would sometimes be such that wooden poles could not 
be economically employed. But they are not a thing of the past here. 
The question of the life isathing which appeals very much to American 
engineers and other engineers. We hear of the life of wooden poles 
being put down at quite a few years—seven or eight years. In the 
discussion on Mr. Wade's paper at this Institution four years ago I gave 
a few extracts from Continental and American opinion as to the life of 


poles.* In the course of the discussion on that paper Mr. Wade put 


down the life of a pole at 50 years ; that was perhaps a little too far ; but 
Major O'Meara, in his carefully considered contribution to the discus- 
sion,t put down from 36 to 40 years as the average life of a creosoted 
pole, though he said that in certain soils a shorter life of 15 or 20 years 
was obtained. Now, 30 or 40 years ago the process of creosoting was 
probably not so elaborate as it is now, and the fact is that many 
of these old poles have not yet finished their life. Against that must 
be set our experience with steel poles. How long isa stecl pole going 
to last in this climate? How often is it going to be painted, and is not 
the inspection to see that the painting is properly done almost as 
expensive as thc painting itself ? I suppose the poles will have to be 
painted every three or five years, so that steel poles are not quite as 
economical for our English purposes as they arcin other places. Then, 
again, with regard to the height and span of poles, there is no limit of 
span that I am aware of; the Regulations prescribe for factors of 
safety, and those are taken into account on the span. Some time ago 
the idea of overhead conductors cables across the Tyne was discussed— 
about three-quartcrs of a mile span. I looked forward to that work 
immensely, but unfortunately the cost of the towers killed the scheme, 
and the cables had to be put in a tunnel instead. 1 discussed some 
time ago the question of slinging some cables across some of the valleys 
in South Wales. That would be a very nice job to do. There are no 
obstacles whatever in the form of regulations. Edmondsons allow me 
to state that they are shortly about to put across Hayle Harbour a high- 
pressure line with poles 146 ft. high with 60o-ft. spans. That will be 
worth going to see. They will be erected very much in the same way 
as described here. So far as economy is concerned, tall steel 
poles do not appear to be worth putting рр on cross-country work on 
agricultural ground. I have seen many designs, but they came to 
nothing. The cost per mile works out higher than wooden poles. 
Very long spans would mean higher poles to clear the ground, or very 
long arms for high pressures where a different construction is necessary. 
The question of flexible poles has been touched upon in the papers 
almost too briefly to be of practicable service. I think I perhaps went 
too much into arm-chair mathematics on the subject four years ago, 1 
and it would be very useful if some practical engineer would go into 


* Journal of the Institution of Electrical Engineers, vol. 39, p. 342, 1907. 
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the question of flexible poles from the practicable point of view. The 
practical point is not the deflection of the pole, to which the authors 


refer ; what we want to know is the stress which would be put upon the 


pole when it is pulled over by the wreck of a line, and on this they give 
no information. 

Mr. Redman has already spoken about the wires clashing together, 
and this is a thing to be reckoned with. In a high wind the 
wires surge in big waves, which is a very serious matter, espe- 
cially on the hillside. That brings up another question, namely, 
the binding of the wire to the insulator. One of the small details 
which surprised me most in the papers was that the authors referred 
to letting the wires run loose through the insulator. Overhead wire- 
men in this country have been giving most careful attention to the 
binding or clipping of the wires on to the insulators so that they cannot 
move a vestige. I know of one accident which was entirely due to the 
big ripples set up on the wire during a gale. This worked the binding 
loose at the insulator, and the wire becoming loose, fell against the 
pole, fired it, and softened the wire, which pulled out and broke. 
There are just two questions I would like to ask the authors— 
namely, whether wayleaves, which seem to be a trouble there, as they 
are here, are granted by the local authorities for the running of these 
lines alongside the roads as telephone lines are гип; and whether, on 
the other hand, the railways will grant wayleaves for the wires to be 
run alongside on the property of the railways to avoid wayleaves on 
agricultural country. 

Communicated : The steel poles which I had in mind were of the 
lattice type. Since the meeting I have seen some light tubular 
poles in Cornwall which seem to give promise of a longer life than 
a lattice, channel, or angle construction. 

Mr. J. S. Peck : The papers under discussion are of special interest 
as showing the remarkable advances which have been and are still 
being made in the long-distance transmission of power. Mr. Taylor's 
paper in particular, which treats the whole subject in a very general 
way, shows not only the great problems which are involved in design- 
ing and installing a plant of this type, but also the very high order о! 
engineering ability required to keep a plant of this kind in successful 
operation. Perhaps the most interesting questions on this subject 
concern the limit in the distance of transmission and the limit in 
voltage to which we can go. ‘here is a financial consideration which 
comes in here which may be the determining factor in fixing these 
limits. It does not pay to transmit over a distance greater than that 
within which the load necessary to keep the station fully busy can be 
picked up. It is probable that at voltages below 200,000 distances can 
be reached within which the full load can be obtained for any water- 
power or any waste heat plant, or, in fact, for any type of plant that 
is likely to be installed. A very few years ago the pin type of insulator 
was the only one available, and it seemed at that time as if the insulator 
would be the limiting factor, and that it would not be possible to go 
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much above 60,000 or 80,000 volts. Then the suspension type of insu- 
lator was devised, and immediately the limits were increased 50 per 
cent., so that voltages from 100,000 to 120,000 are now in use, and even 
higher pressures are projected. ‘There will undoubtedly be other 
types of insulators invented, and improvements made on the present 
type of suspension insulator, which will make it possible to go up to 
200,000 volts or even higher. We shall also learn more about the laws 
which govern high-voltage transmission, but in any case it would seem 
that pressures in the neighbourhood of 200,000 volts will be sufficiently 
high to enable us to dispose of any power that will be generated at any 
one place without involving excessive costs for copper. 

Turning to the papers, there are a number of points which 
might be discussed, but I will only touch on a few of those that 
have occurred to me. On page 510 Mr. Taylor refers to direct- 
current transmission, and states that in a short time direct-current 
transmission will be as simple as alternating-current transmission 
is at present. I do not know that alternating-current transmission 
is particularly simple just at present, but there is no doubt that, 
so far as the transmission line itself is concerned, direct current is 
idcal. The difficulty in insulating the generators and the motors has 
retarded its development. I should like to know whether Mr. Taylor 
has any particular system or any great improvements in mind which 
lead him to make this statement. Оп page 511 he refers to the ratio of 
the leading or lagging currents, and says that condensers may be con- 
nected in parallel to the line in order to improve the power factor. I 
do not know of any condensers which can be connected to a 100,000- 
volt line. It may refer to rotary converters or synchronous motors, 
but the meaning is not very clear. On page 514 he says that changing 
the size of the wires and the spacing of the wires has very little effect 
upon the inductive drop or the capacity current. "That is true within 
limits. The inductance varies with the logarithm of the ratio of spacing 
to diameter of wire, while the capacity varies as the logarithm of ratio 
of diameter to spacing. There is an interesting relation which follows 
directly from the equation for inductance, namely, that if the diameter 
of the wire be doubled the spacing may be made twice as great, with the 
same inductive drop as previously ; and the inverse of that is also true. 
This is very useful in taking these figures from tables where all the 
sizes and all the spacesare not given. On page 515 Mr. Taylor refers to 
the difficulty of obtaining good regulation when motors of 5,000 or 
6,000 Н.Р. are switched directly in line. I do not think any one would 
attempt to run motors of that size directly from the circuit; there 
would be some form of flywheel equaliser installed in every case. On 
page 521 he refers to three 6,000 k.w. single-phase transformers with a 
12,500-k.v.a. generator. I presume that the three transformers are 
connected in delta, with the idea that if one transformer fails the other 
two will carry practically the full generator load, otherwise I do not 
see why 18,000 k.w. in transformer capacity should be connected to a 
12,500-generator capacity. 
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Mr. Trotter has referred to the question of the life of wooden 
poles. Mr. Taylor says that the life of a wooden pole is from 5 to 
30 years, with an average of 12 years ; and Mr. Matthews says that the 
life of a wooden pole is 12 years. I presume the climate as well as 
the treatment may have something to do with the life of the wooden 
pole. On page 538 Mr. Taylor recommends that lightning arresters be 
installed on the low-tension side of the power transformers to protect 
them against internal surges. Lightning arresters do not protect from 
internal strain as ordinarily meant ; they simply limit the voltage above 
the earth, and, in any case, I do not think that lightning arresters on 
the low-tension side of large transformers are at all necessary, 
because the number of turns in the low-tension winding is so small 
with reference to the number of turns in the high-tension winding 
that it is possible to insulate every turn to withstand many times the 
voltage to which it is likely to be subjected. On page 540 Mr. Taylor 
refers to rotary condensers for improving the power factor, and inti- 
mates that the regulation will be greatly improved on account of the 
charging current, due to the capacity of the system. The capacity of 
the system does not help the regulation of the system, if by regulation is 
meant the drop in voltage from no load to full load. It simply means 
that at any particular load there is a higher voltage at the end of the 
line than there would be were there no capacity ; but the rise in the 
voltage is fixed by the charging current and by the self-induction of 
the line, which are constant, whereas the regulation of the system 
depends upon the load and its power factor. If rotary converters are 
used some means must be taken for compounding the rotaries—that is, 
advancing the power factor as the load comes on in order to compen- 
sate for the increased drop in the line itself. It has been proposed by 
one engineer to use synchronous generators at the end of the trans- 
mission line. These generators are so excited that they supply the 
charging current to the line ; thus there is a higher voltage towards 
the middle of the line than there is at the receiving end of the line. 
As load comes on the voltape on the generators at the receiving end 
would tend to drop, and the charging current would be fed from the 
generating end instead of from the receiving end, and therefore the 
voltage would tend to rise and so maintain something like a constant 
pressure. 

A great deal might be said as to the star-delta system. Мг. Taylor 
deals with the matter on page 544 and mentions the fact that with the 
delta combination it is possible to use two transformers in the case of 
the failure of one. It is also possible to use two transformers con- 
nected, delta-star, if the neutral points of raising and lowering trans- 
formers are grounded ; in fact, it would be possible to connect the 
neutral points of the two remaining transformers to the third conductor. 
and thereby transmit power to two-thirds of the normal amount at 
57 per cent. of the normal voltage. The question has been raised as 
to why the delta connection should be used on both ends of the trans- 
mission line at the commencement of the service, with the idea of 
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raising it later on: why not connect the transformers in star, and Mr. Peck. 
ground the neutral at the commencement? In certain transmission 
plants which have been installed the engineers have gone right up to 
the limit of the insulators at the very beginning, and when the voltage 
limit of insulators has been raised new insulators have been put in 
and a change made to the star connection. By this means the voltage 
on the system has been increased by about бо per cent. On page 539 
Mr. Taylor refers to aluminium lightning arresters, and in that con- 
nection I may say that the only objection which has been raised to 
the aluminium arrester is that it must be recharged at more or less 
frequent intervals, as the coating of the plate dissolves ; and while this 
recharging is a very simple process, it must be done regularly, in 
some cases every few weeks and in others every day or two, thus a 
considerable amount of attention is required. 

Mr. Н. W. CLOTHIER : А paper coming from so far across the seas р. 
as Мг. Taylor's is bound to introduce а good many novelties to us, 
and among these I find some terms and descriptions which I think 
are strange to British practice. For instance, the word “ bushings” is 
used in connection with switches. Are these the same as we would 
call insulators? ‘Primary relays" are also referred to. Now, a 
primary relay is shown diagrammatically in Fig. 8, and it resembles a 
series trip coil, but in the text on the same page the words “ primary 
relay " are used in parentheses after “electrically operated," thus in- 
ferring, as I understand the terms, that the relay has to do with the 
remote electrical control for closing and opening the circuit. With a 
view to uniformity I should like the above definitions explained ; I 
would also like to know exactly the construction of a “ differential " 
time limit relay, an example of which is shown in Fig. 2. The “ агс- 
ing length efficiency," i.e., the ratio of the sparking distance across 
the surface of an insulator to the sparking distance across air, would 
be a useful basis to work upon when comparing insulators, but the 
author does not give the actual efficiency of his insulators in figures. It 
would be interesting to have his records in this respect, although the 
figures are likely to vary considerably with the atmospheric conditions 
and the shape of the conductors. The “load dispatcher” in this 
country is called a “system engineer," and as this person controls the 
whole of the switching operations on the system, I think the latter is 
the most suitable term. I should be glad to have some more informa- 
tion from the author concerning actual breakdowns, the causes and the 
frequency of these occurrences. The author refers to the time taken 
in getting the system running after an interruption, and in one place 
he suggests the time of 2 to 7 minutes on systems operating hundreds 
of miles of line, and in another part of the paper 5 to 15 minutes for a 
system with one receiving station and one line of, say, 80 miles. I 
think even the latter is as short a period as one could possibly expect 
on any of the systems described in the paper. Unfortunately the author 
has entirely omitted to describe in the text the method of operating the 
system shown in Figs. 2 to 10. Time does not permit me to criticise 
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in detail the five or six different systems of protection shown by these 
diagrams, but I think it would add to the value of the discussion if the 
author, in his reply, would deduce from the several diagrams he gives 
the method of connecting and protection that he would consider most 
desirable to adopt. Speaking generally, as far as one can gather 
from the diagram, the principal considerations have been given to 
protection with a view to anticipating the failure of the control 
apparatus; and although in the early part of the paper we are 
told that the weakest part of the system is the line itself, which would 
appear to be the part on which proper automatic protection is re- 
quired, yet the author's protection systems seem to be designed with 
a view to accepting complete interruptions to the whole supplv as 
inevitable and to getting away again as quickly as possible. А better 
principle is to construct the switchgear so that, in the event of a 
breakdown occurring anywhere on the system, the faulty part is cut 
out without causing a cessation in the supply. I believe the majority 
of the high-tension overhead transmission work in this country is pro- 
tected in this way by means of the balance system of protection. 1 
have described elsewhere the lay-out of protective gear on these lines.* 
I think in the practice of this country the ways of dealing with 
automatic protection of transmission schemes are more thorough 
than anything referred to in the paper. 

With regard to the “ ground wire” (or “ earth wire"), it seems to me 
preferable to have it suspended underneath the load lines, and in this 
position it can be of assistance in the design of protective gear ; one of 
the difficulties in the automatic isolation of faults being to obtain sufh- 
cient current to operate the relays in the event of a line remote from 
the power station falling to earth, and this problem is met by mounting 
the earth wire in such a position that the line in falling would strike it. 
I would offer as a suggestion the possibility of the “ ground” line 
enclosing the pilot wire. The first question that appeals to one ou 
reading the paper, considering it from a protection point of view, is 
what design one would adopt for 100,000 volts on lines 100 miles or so 
long. I admit that this problem would introduce many difficulties; 
for example, the capacity current in the pilot wire would be so great 
as to make the systems on which we have at present had experience 
out of the question. I feel satisfied, however, that, thanks to the study 
that is now being given to the question and to the experience that has 
been obtained here during the last six years, the difficulties are not insur- 
mountable. The author refers to high-tension direct-current systems, 
and, as one who has spent a lot of time working out problems їп 
connection with switchgear, I may say that I look upon the direct- 
current system as presenting an aspect of rest to the switchgear designer. 
The feature that appeals to me is that with alternating-current systems 
it is necessary to design apparatus to open circuit instantaneously when 
a short circuit occurs, whereas with a high-tension direct-current 
system a short circuit is a part of the method of operating, and there 

* Electrician, vol. 66, p. 420, 1910 ; Electrical Engineer, vol. 44, p. 700, 1910 
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is no intentional opening of circuits under load. One of the main M 


problems in regard to alternating-current systems at the present time 
is to open a circuit properly and at the right time. 

Mr. W. B. EssoN : The papers which have been presented to us by 
Mr. Taylor and by Messrs. Matthews and Wilkinson contain a large 
amount of information, and when they appear in the journal they will 
be very valuable to us because they bring into a small compass many 
facts. We have a lot of high-tension infcrmation scattered through all 
the technical journals, and the authors have really done us a service in 
bringing together all the data dealing with the last three or four years’ 
work within a manageable bulk. We have heard а good deal from the 
authors of both papers on the subject of flexible poles. I think the 
term ‘flexible poles" is a misnomer, but the term has also been used 
by Mr. Trotter. When we speak of flexibility we mean that the 
particular object referred to yields to any external force, but the term 
does not imply that the particular object resumes its former condition 
when that force is removed. That is the difference between flexibility 
and elasticity. Mr. Guido Semenza, who introduced this pole into 
Italy, and who read a paper before the Amcrican Institute of Electrical 
Engineers on the subject in 1904, did not call it a flexible pole ; he 
called it an “elastic support," and that is really what it is, for the 
primary idea in devising this pole was not to get flexibility at all, but 
simply to save the cost of materials. In the first Italian lines the poles 
were made rigid to the same degree in all directions, and it was found 
that they were very expensive. It struck Semenza and other engineers 
that it was a great waste of material to provide for strength in the 
direction of the line under conditions in which normally no such 
strength was required. Running over flat country, with uniform spans, 
under normal conditions the pole had to resist only the wind force at 
right angles to the line, there was no strength required in the direction 
of the line, consequently a great deal of the expense in the construction 
could be done away with. What I want to emphasise is that elasticity 
was only an incident and not the original intention : the original inten- 
tion was to save cost. But this incident was a very valuable one, 
inasmuch as the support made up in elasticity what it lacked in 
strength, and therefore when a wire broke there was no damage done, 
because the pole was capable of springing to the opposite side to a 
considerable extent, and when the strain caused by the broken wire was 
removed, it would go back to its former position without any harm, 
As regards the question of foundations, American practice does not 
seem to be very strict. The authors speak of the poles being put 
into the soil without, as I understand it, any attempt being made 
to get solid foundations. I do not know if I have read the papers 
aright in this respect, but we in Europe use very solid foundations, 
We put in great masses of concrete, so that there is no possi- 
bility of any movement of the earth such as Messrs. Matthews and 
Wilkinson describe in their paper. I notice that no reference has 
been made to the substitution of aluminium for copper in the lines. 
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Some time ago the cost of the conductor part of the line was much 
greater if aluminium was used, because aluminium was at such a 
high price, but now if aluminium is used instead of copper there 
is a saving of something over 20 per cent. in the cost of the 
conductors, which is a very great consideration. 

Mr. J. F. C. SNELL: Aluminium conductors are referred to on 
page 513 of Mr. Taylor’s paper. 

Mr. EssoN : Quite right. I see that aluminium is mentioned, but 
it does not alter the point [ was about to make. The point about 
aluminium is that although the conductor is half the weight for the 
same conductivity it is something like 30 per cent. greater in diameter, 
and there is consequently a greater amount of strain due to the wind 
pressure than there is with copper wire. Atthe same time it must be 
remembered that as the power to be transmitted becomes greater this 
factor of wind pressure is not so important, because, whereas in quite 
small wires the strain produced by the wind pressure may be some- 
thing like four times as great as the strain produced by the weight of 
the wire itself, when we get to large wires the strain produced by the 
wind pressure may be only twice the weight of the wire. I do not con- 
sider that when we get to large sizes the question of wind pressure 
militates against the use of aluminium. Messrs. Matthews and Wilkin- 
son refer to a rule for the distance apart of the wires, and they say it is 
a good rule. It is that a space of 1 ft. be allowed between the wires 
for every 10,000 volts, so that if we have a 30,000-volt line we have the 
wires 3 ft. apart, if 40,000 volts, 4 ft., and soon. I do not want to 
trouble you with ancient history, but I would like to point out that 
that rule was first suggested by me in 1905,* with certain limitations 
to the effect that the wires must not be closer than 2 ft., however low 
the voltage was. The rule has been across the Atlantic since then, and 
as it now comes back to us with a good character certificate attached 
to it, I suppose I ought to feel very happy. Another question to which 
I would like to call attention is the star and delta connections. In 
Messrs. Matthews and Wilkinson's paper a large number of examples 
of actual lines are given, and it will be observed that up to 60,000 or 
70,000 volts the star and delta connections are about equal, but the 
curious thing is that when we get up to 100,000 volts the majority are 
delta instead of star ; in fact, there are only one or two star. I should 
have thought that it was just when attaining very high pressures, in 
the vicinity of 100,000 volts, that advantage would have been taken 
of the star connection, because by that means with grounded neutral 
the pressure between the wires and earth is reduced to 58 per cent. 
of the pressure between the wires, That is to say, with a star con- 
nection the pressure between the conductors and earth is predeter- 
mined in such fashion that it can never exceed 58 per cent. of the 
pressure between the two wires, but with a delta connection 
the pressure between the wire and earth may be anything up to fall 
pressure between the lines. I should have thought that, with the 

* Electrica] Review, yol. 57, р, 330, 1905. 
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high pressure, the star connection would have been adopted, and I 
should like to ask the authors whether they have any information 
as to why it is that in the very highest pressures the delta connection 
is adopted instead of the star. Mr. Taylor in his paper says that when 
we sum it all up, the operating risks in the delta are the same as in the 
star. That may or it may not be so, but still he is faced with this, that 
all the highest pressures have a delta connection, and as I say, this is 
the opposite to what might have been expected. With regard to the 
question of working at 50,000 or 100,000 volts, Mr. Trotter has very 
properly pointed out that in this country there will never be any 
necessity for working at 100,000 volts, or anything like it, for 
economical reasons. I remember reading some time ago a very 
important paper by an eminent engineer in the United States, who 
had under his control a large number of lines at 60,000 volts, and he 
gave it as his considered opinion that it was easier to operate lines 
at 60,000 volts than at 30,000 volts, The rcason he gave was this. At 
60,000 volts the working current is only half what it would be at 
30,000 volts. The pressure surges in the line due to opening short 
circuits, etc., can be expressed approximately with regard to their 
magnitude as a function of the current flowing in the line. The con- 
sequence is that, working at 60,000 volts, it is quite possible that the 
maximum pressure which the insulators may be called upon to stand, 
and which consists of the surge pressure superposed on the working 
pressure, will be considerably less than the maximum pressure when 
working at 30,000 volts, because in the former case the currents are 
so much smaller. I would like to ask the authors of these papers 
whether this advantage of operation continues to hold when we jump 
from 50,000 volts up to 100,000 volts. It cannot be pretended, of 
course, that a pressure of 60,000 volts is at all necessary from an 
economical point of view for a 14-mile transmission, such as the 
example given in the paper, or that a pressure of 110,000 volts is 
necessary for a 50-mile transmission, and unless there is some great 
advantage in operating at these higher pressures it seems to me just 
possible that we may be going too far in that direction. 

Mr. А. A. CAMPBELL SWINTON : Mr. Trotter has alluded to the fact 
that in this country these extremely high pressures are not very likely 
to have much application, but still this Institution has many members 
who may have to deal with transmission problems in Africa, India, 
Canada, and other places where the use of very high pressures may be 
economically sound. It is a question of some importance, therefore, 
what factor does really limit the pressures that can be used. Mr, 
Peck has mentioned the limiting factor of the insulators, which has 
been improved, and I have no doubt will be still further improved in 
the future. But the real limiting factor as regards the pressure that 
can be employed on overhead lines is the point at which the air 
breaks down. At this point we begin to lose power in what we used 
to call a brush discharge, but what has apparently now had the 
American name given to it of “corona discharge," I think “brush 
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Mr discharge " is a much shorter and probably better term, but anyway, 
Swinton. that is what sets the limit as regards pressure. Diagram 13 in Messrs. 
Matthews and Wilkinson's paper is very instructive. It shows that 
for a conductor of a certain size, viz., } in. in diameter, we can get 
up to about 120,000 volts with very little loss of this description, but 
between 110,000 and 120,000, and still more when we get up to 130,000, 
the curve takes a sharp bend and the loss increases rapidly. That, of 
course, is for this particular size of conductor only. With a conductor 
j in. in diameter no doubt this bend in the curve would take place 
at a very much higher voltage. There we have one way in which we 
can increase the pressure at which we can work. We can use larger 
wires, and, as is pointed out in one of the papers, by using aluminium 
instead of copper we can have a larger wire of the same weight and 
approximately of the same resistance. I do not know whether any- 
body has considered the question in regard to these high-tension over- 
head lines of going back to iron or steel wires, but I am not at all sure 
that that is not worth consideration. We could have very long spans; 
we would have great tensile strength, and we could then string the 
wires up very tight. Of course the resistance with steel wires would 
be much greater, but when we get to these very high voltages resist- 
ance becomes of decreasing importance. Any one who has worked 
with very high-tension currents is aware that there are several factors 
that have a great effect upon the point at which much energy begins 
to be lost by way of brush discharge. The condition of the surface 
of the wire has a large effect. If the surface is very smooth there is 
very much less tendency to brush discharge than if it is rough ; and 1 
should be glad to know from the authors of the papers whether there 
is any experience as to the losses due to brush discharges increasing 
with time, because I should expect that with the effect of the atmo- 
sphere on the wires this might very likely occur to a considerable 
extent. The loss might quite easily be doubled or trebled as the 
surfaces became rough and as little particles of carbon or other 
material formed upon them. Since the paper was read it occurred to 
me to try whether it was possible in any way to incrcase the pressures 
at which we could carry currents on overhead wires by slightly in- 
sulating them, so as to prevent brush discharges taking place. There 
are many insulating substances which have a much greater dielectric 
strength than air in the ordinary way, but that is only within limits. 
As a matter of fact, when we come to very thin films air has effectively 
a greater dielectric strength than any solid substance. This is due to 
the great difficulty experienced by electricity in emerging froin a solid 
conductor into a gas, and the result is that it appears doubtful whether 
any thin coating of solid insulation applied to a conductor can have 
much effect in stopping brush discharge. Anyway, some experiments 
that I have tried point to this conclusion. If this is so, the only 
means by which we can hope to increase the allowable pressure is bv 
increasing the size of the conductor, which should of course always be 
perfectly cylindrical, making it either of a light metal like aluminium, 
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or, if of copper, making it hollow. Care can also be taken to maintain Mr 
a smooth surface. Warton 
Dr. M. KLoss: The two papers now under discussion give much Ог. Kloss. 
interesting and valuable information on high-voltage transmission 
lines. Аз pointed out by Messrs. Matthews and Wilkinson, there does 
not seem to be a great demand for such lines in the near future in this 
country ; but in foreign countries there are a great number of lines 
already in operation, and no doubt many more will be installed. The 
authors of the two papers now before us confine their data and éxperi- 
ence to American practice. It might, thereforc, be of some interest to 
refer to the work and practice of Continental engineers. The Siemens- 
Schuckert Works, for instance, have installed high-voltage transmission 
lines at Munich, Kykkelsrud (Norway), Salto Bolarque (Spain), all 
working at 50,000 volts, and Molinar (Spain) for the Sociedad Hidro- 
electrica Espanola, at 70,000 volts. The distance is not very great in 
the first two cases, being of the order of about 30 miles, but in the case 
of the Molinar power scheme the energy is transmitted to Valencia and 
Alcoy, a distance of 5o miles ; to Cartagena, over оо miles; and to 
Madrid, over rgo miles. Besides the long-distance lines there seems 
to be on the Continent an ever increasing demand for the so-called 
“district power distribution schemes” similar to the Cleveland and 
Durham power scheme on the north-east coast. Such a scheme has, 
for instance, been successfully put into operation at Wiesmoor in 
North Germany. Moreover, the time will soon come when the first 
110,000-volt scheme in Germany will be working. This is going to be 
installed at Lauchhammer and will supply electrical energy to various 
industrial works in the north of Saxony and south of Prussia. The 
transformers for this scheme are of 6,800-k.v.a. capacity. With reference 
to the high-voltage transmission lines themselves, Continental practice 
is in many points similar to the American, but in some respects also 
more or less different. The spans range from 400 to 650 ft. It is 
thought advisable to run up the mechanical stress in the line conductor 
to as high a value as is consistent with safety. In accordance with the 
V.D.E. Rules (that is, the rules laid down by the German Association 
of Electrical Engineers) a stress of 16 kg./mm.? or 22,700 lbs. per square 
inch is permissible provided the limit of elasticity is 40 kg./mm.? or 
57,000 lbs. per square inch. This enables the sag to be kept relatively 
small and consequently reduces the required height of poles. If a line 
runs alongside a road or through a village a higher safety is required. 
The mechanical stress in the conductors is therefore to be kept at, say, 
half the value given above, that is, 8 kg./mm.? or 11,400 lbs. per square 
inch. Moreover, in such cases as where greater safety is required, a 
short shunt wire is fixed to the conductor in front of and behind the 
insulator, so that, in case of the insulator breaking, the conductor 
cannot fall to the ground, but will rest on the cross-bar, thus grounding 
the line. In case of a conductor breaking between two poles, the 
grounding is accomplished by the wire touching a bracket attached to 
the pole and projecting about 4 to 5 ft. in the direction of tbe line, 
VoL, 49. 40 
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Where the line crosses a railway, or telegraph or telephone lines, 
special safety devices are necessary. In accordance with the rules a 
wire net is to be provided round the line, or the conductors аге to be 
ticd to the poles by the so-called “treble suspension.” The latter 
construction is given the preference. This design is carried out in the 
following way : To the main conductor are attached two picces of wire 
of the same diameter and about 3 to 4 ft. long, and cach of them is tied 
to a separate insulator, so that the line is attached to three independent 
insulators, each of which holds it with a factor of safety of 5. Besides this 
the conductor itself is only stressed to about 4 kg./mm.?, representing a 
factor of safety of 10. At the crossing of a telephone line a grounded 
safety cable is also fixed below the high-tension conductors so as to 
prevent a telephone wire from touching the live conductors should 
it break. 

With reference to the protection of the line against the influence 
of excess pressure and lightning, the Continental practice is rather 
different to the American, and even the various firms differ from one 
another in this respect. None of the lines which I have mentioned are 
provided with an overhead grounded cable, but special protecting 
apparatus is installed at both ends of the line, and for a long-distance 
line at some intermediate points as well. For instance, the 150-mile 
line from Molinar to Madrid is provided with 5 protection stations 
besides those at the ends. So far as the protecting gear itselí is 
concerned, some firms use aluminium arresters or roller lightning 
arresters. In my opinion the latter type is likely to do more harm 
than good, in so far it is apt to produce high-frequency oscillations 
when acting, thus introducing a new source of danger. The aluminium 
arresters have the disadvantage of requiring daily attention for forming 
the oxide film on the electrodes. In my opinion the best lightning 
arrester is the well-known horn type in connection with a limiting 
resistance, which in cases of infrequent operation is wound on 
enamclled cylinders. In the case of frequent operation the resistance 
wire is submerged under oil. For getting rid of static charges water- 
jet earthing devices are used or choking coils. In order to protect 
power apparatus, such as machines or transformers, against excess 
voltage surges, choking coilsare used, because it seemsimpossible effec- 
tively to insulate the end turns of the apparatus against the enormous 
rise of pressure between turns which may occur in case of surges. So 
far as such surges are due to the switching in or out of large power 
apparatus, they can be greatly reduced by the use of a special safety 
switch, provided with a set of auxiliary contacts which cut in a 
limiting resistance step just before the switch is finally closed. 

Mr. Taylor mentions the voltage regulation as representing some 
difficulties, In this respect we might use step-up transformers or 
induction regulators which may be operated cither by hand or auto- 
matically. Such apparatus works very satisfactorily and is quite reliable 
in its action. А very interesting point mentioned in both papers is the 
* corona " effect. After all the difficulties in connection with the insu- 
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lators have been successfully overcome so that high voltages over 100,000 
volts are now quite practicable, the corona effect seems to set a limit 
which cannot be surmounted, because it is duc to a physical property 
of the atmosphere on which we have no controlling influence as in the 
case of manufactured materials. Since the corona effect increases 
with decreasing diameter of wire, aluminium wire seems to offer a 
great advantage over the copper as mentioned by Mr. Taylor. Messrs. 
Matthews and Wilkinson give a very instructive curve of the increase 
of corona loss with increase of voltage for a wire of 1 in. diameter. The 
curve does not represent a uniform law, but obviously follows one law 
in its lower rangc and then changes almost suddenly to conform to a 
different law. It seems to me that the flat portion of the curve up to 
about 115,000 volts may not be due to corona effect at all, but may 
rather represent the watt loss of the charging current. So long as the 
electric field keeps below a certain density the air surrounding the 
conductor acts as an insulating medium. However, at a certain critical 
value of field density the air loses its insulating properties and becomes 
a conductor, so that now a current passes from the wire into the 
surrounding air and back to the other conductor or conductors. 
It would be very interesting if the authors could show similar 
curves for different sizes of wires, so that a curve could be plotted 
giving the relation between the critical voltage and the diameter 
of wire. Since the size of wire limits the current duc to current 
density and at the same time limits the voltage due to field density 
producing the corona effect, the maximum power which can be 
transmitted through a given diameter of wire is also limited, and 
consequently there must be a definite relation as well between the 
vcltage and the permissible power to be transmitted. It would be of 
great interest if the authors could give us their opinion on this point. 
Perhaps one of the most valuable suggestions made by the authors is 
that a line should be operated at a voltage only slightly below the 
critical point. Under normal working conditions no corona loss will 
occur, but as soon as the voltage rises, due to lightning or surges in the 
system, the oscillating energy will be dissipated automatically by the 
corona effect. It is quite possible that if this peculiar phenomenon 
were made use of properly in the design of the lines great expense 
might be saved by enabling the number of protecting apparatus to be 
reduced to a minimum. This would mean compelling an evil to effect 
some good, and that should always be the aim of our profession. 

Mr. B. M. JENKIN: With regard to the pressure that we are likely 
to use, Mr. Trotter has suggested that we are not likely to work at high 
pressures in this country because by increasing the pressure we only 
reduce the size of the wire, and therefore the saving is only in the cost 
of the conductor. I think there is another, and perhaps more useful, 
way in which the point might be looked at, and that is to consider the 
power that can be transmitted by a given line. If the poles have been 
put up and the conductors and insulators, then if the pressure be doubled 
twice as much power can be transmitted by thisline by merely increasing 
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the insulators. With the higher pressure the cost of the line per kilo- 
watt transmitted is practically reduced to half what it was with the 
lower pressure. 


ADJOURNED DiscussioN, FEBRUARY 23, 1911. 


Mr. C. P. Sparxs: The papers before us deal with a subject 
with which we have little, if any, experience in this couptry, the 
primary reason being, in my opinion, that the amount of power we 
transmit is as a rule comparatively small, owing to the absence in this 
country of sources of water-power, and to the distribution and number . 
of our coal-ficlds. As faras I am aware, the maximum power that is 
ordinarily transmitted here is of the order of 4,000 to 5,000 k.w. per 
fccder. In the papers before us the actual power transmitted per 
feeder is not given, but the maximum must be in the order of some 
20,000 to 25,000 k.w. per feeder. One of the speakers on the last 
occasion drew attention to the difficulties of transmitting any large 
power with overhead lines unless high pressures were used, in view 
of the remarks of a previous speaker who suggested that the future 
limit of pressure in this country would be of the order of 20,000 volts. 
I am of the opinion that when the time comes for these overhead 
transmissions we shall be forced to much higher pressures than 
20,000 volts. Ithink 40,000 volts may be taken as quite a minimum, the 
rcason being that it is not possible to handle an overhead conductor oí 
more than a limited size, and if the pressure is limited to 20,000 volts 
it is not possible to transmit any large amount of energy without using 
a large number of feeders. Therefore if individual schemes are big 
our transmission pressures must be above 20,000 volts. When once 
these extra high pressures are used there appears no rcason why we 
should be limited to such a pressure as that suggested, namcely, 
20,000 volts, because the difficulties are already so great when we deal 
with a pressure of that kind that the additional difficulty of operating 
at twice or three times the pressure, i.e., 60,000 volts, are not commen- 
surate with the additional capital expense in insulators and sub-station 
apparatus. I am thereforc of opinion that we shall operate in this 
country with very much higher pressures, the limit at the present 
moment being the 20,000 volts used in the Tyne district. One point 
about which I should like to have heard more is the question of con- 
tinuity of service, which is touched upon by both of the authors. From 


the commercial point of view the first essential is continuity of service. 


We have it on record that the line is the most unreliable part of the 
whole system, compared with the generating station and the sub- 
stations. In the papers before us little is said as to methods of 
protection. The methods of operation indicated are extremely simple. 
and appear to be limited to cutting off a whole circuit and then 
transferring the load to a second circuit, which means that the supply 
to consumers who are taking anything from 15,000 to 25,000 k.w. тах 
be cut off for an indefinite period, The possibility of such an interrup- 
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tor is so serious a matter from the point of view of usersin this country, Mr. Sparks. 
that before any big system of overhcad transmission is projected 
here the questions dealing with safeguards such as we use with under- 
ground cables are bound to be considered. Mr. Matthews suggests 
that to secure reliability there should be two separate pole lines, and 
Mr. Taylor emphasises the desirability, in future developments, of split- 
ting the main lines. As I understand the paper, by splitting the main 
lines the author means that instead of transmitting 20,000 k.w. on one 
set of three wires he will transmit 10,000 k.w. or less, that is to say, he 
will come more into line with the conditions of operation existing here. 
The next matter that I should like to refer to is the limiting pressurc of 
transmission. I think Mr. Matthews suggests that 200,000 volts is con- 
sidered to be within the region of practicability. In a recent paper by 
Mr. Faccioli particulars are given of the actual loss on some of these 
transmission lines.* The corona and insulator losses were separately 
determined on the transmission line from the Shoshone station, and it 
was there found that, operating at 95 kilovolts, the corona and 
insulator losses were under 600 k.w., and that when the pressure 
was raised to 105 kilovolts these losses had risen to over 1,600 k.w. 
From these figures it appears that until some method of preparing 
the surface of the conductor, insulating the conductor or enlarging 
its surface, is found, anything like 200,000 volts is outside practical 
limits. 

A most interesting point is brought out by Messrs. Matthews and 
Wilkinson on page 572 of the power of a line to discharge the excess 
energy if slightly raised above the operating pressure. ''Any induced 
surges or other high-tension phenomena are thus automatically dis- 
sipated in the form of corona discharge between the wires, and the 
line acts as its own safety valve." I have not considered that point 
before, but it appears to be a most valuable adjunct in solving a great 
difficulty in an overhead transmission system. If the line is operated 
just below the critical point, then when the line becomes charged by 
either a surge or when struck by lightning, and the line possesses the 
power of radiating or breaking down and discharging a large amount 
of energy for every extra 10,000 or 15,000 volts added to thc line, it 
seems we have here a most practical safety valve. Mr. Taylor 
touches on the question of direct-current transmission with over- 
head lines. This, again, is a very interesting point, but he only 
says that "probably the day is near at hand" in regard to its 
adoption. With regard to the overhead line itself, direct current is 
of course a solution, but the difficulty of the sub-station apparatus and 
of the generating apparatus is so great that I do not think he is justified 
in suggesting that the usc of high-pressure direct current is probably 
near at hand. I think it is as far distant now as it was five years ago. 
The third point I wish to speak on is “earthing.” Both of the 
papers tell us that the general practice is to have an earthed line sus- 
pended overhead, which, in addition to providing an carth, acts as a 
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support for the steel towers. But neither paper tells us how we are to 
secure the safe discharge of these towers. One author suggests that 
the legs of the tower should project through the concrete for a certain 
distance into the soil. Now subsoils vary tremendously in resistance, and 
some much more careful method of earthing than that suggested is 
necessary for the general safety of the public (although the public may 
be scattered in these transmission districts) and also for the safety of 
the people whose duty it is to maintain the lincs. With regard to 
insulator tests, Mr. Matthews tells us that a single insulator, dry, stood a 
test of 95,000 volts. I understand the paper to read that when six of 
these insulators were in series they would stand a test, dry, of 360,000 
volts, or 60,000 volts per insulator, and when wet of 270,000 volts. 


‘The next point I wish to mention is sub-station costs. Messrs. 


Matthews and Wilkinson give us a curve, No. 7, showing the approxi- 
mate cost per kilowatt with 2,250 k.w. static sub-stations. The curve 
gives points at 10,000 and 20,000 volts, about which we know something 
here. The authors suggest that the cost of the static sub-stations at the 
lower limit of 10,000 volts is £3 a kilowatt. I should like further 
information as to what is included in the cost of the sub-station, because 
at present prices, if we divide the figures at the lower pressures by 2, 
there is still alarge margin that contractors here would cordially welcome. 
The last point to which I wish to refer is that of the price of power. 
The figures given clearly bring out that the commercial cost of electric 
power in this country, when using coal for generation, still allows 
manufacturers in the old country to get a good margin on their 
manufacturing costs—that is to say, although this so-called cheap 
power from water is a great bcon to people who cannot get other 
power, it is not relatively cheaper, when distributed, than we are able 
to supply the manufacturers with in this country. 

Мг. W. B. WOODHOUSE : There is one matter in both papers that 1 
am sorry to see not touched upon, and that is the question of way- 
leaves. In this country we have already several hundred miles oí 
overhead high-pressure transmission lines, and the mileage is very 
rapidly increasing, but we are unfortunately situated compared with 
other countries as to the conditions under which these lines are put up. 
We have to obtain wayleaves to erect poles and run wires with the con- 
sent of the landowners and the tenants. That consent may be refused 
absolutely, or it may be given upon the most onerous terms, and, what 
is perhaps more dangerous still for the continuity of public supply, the 
consent may be given for but a very few years. In most of thc Coa- 
tinental countries, and I understand in America, legal machinery exists 
for obtaining compulsory wayleaves for public supply. No landowner 
is allowed to be unreasonable enough to prevent public supply over- 
head lines being taken through his property by a reasonable routc. He 
must give a good reason for dissenting, and if he cannot it goes through 
at a reasonable price. In this country we are at the mercy of the 
numerous landowners, and as time goes on I suppose there will be still 
more trouble in that respect. It does seem to me a matter which, if 
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we are to get the cheap general power supply that we all hope for, the Mr. 
industry should consider as an important onc. I venture to suggest it Woodhouse 
as a matter that the Institution itself might treat as being vital to the 
industry. The laws as to easements work quite satisfactorily in other 
countries, and I think the subject only needs to be taken up here in 
this country for the present state of things to be remedied. Public 
power supply is a very great blessing in all industrial parts of the country. 
The smoke nuisance is very much more than a nuisance—it is a serious 
menace to health. Public officers of health all over the country are 
raising their voices against it, and it seems to me that if we can show 
the public a solution they will be on our side. "We have another 
difficulty to face with overhead lines, and that is the restrictions of the 
Electric Lighting Acts. Every local authority can, without reason, 
retuse an overhead line being put up in their district. Overhead lines 
may be run on private property and never cross a public road, and yet 
a local authority may say “ No.” In my own experience I have known 
cases of local authorities refusing their consent without reason, some- 
times from very obscure motives. On those two points I think other 
countries in which power supply has been developed are very much 
better off than we are, and if an improvement in those respects could 
be made in this country I am sure it would tend to a very rapid 
devclopment of the use of such overhead lines as are described in the 
papers. 

Мг. E. J. Fox: The two points that I wish to touch on quite briefly Mr. Fox. 
to-night are matters of detail in regard to the two subjects contained 
in the papers. The first one, which Mr. Trotter dealt with on the last 
occasion, is the question of wood poles versus steel poles. I do not 
think there is much more to be said on that subject. The general 
consensus of opinion seems to be that ro years is the fair average Ше 
for wooden poles and 30 years for steel poles. I understand, however, 
that in many quarters it is considered that wood poles, if properly 
treated, may be considered to have a life of perhaps 20 to 30 years, 
which brings up their life to the life of steel poles. The determining 
factor is, however, the question of the relative first cost of the one as 
against the other. Wood is increasing in price very much, with the 
result that steel poles are available ncarly at the cost of wooden poles. 
Mr. Trotter placed the life of wooden poles at about the life of steel 
poles, but as the Board of Trade stipulate for a factor of safety of 10 in 
the case of wood and 6 in the case of steel, this is another factor which 
militates in favour of stcel. 

Mr. TROTTER: May I correct you in that statement? I do not Mr. Trotter. 
think I said that the life of a wooden pole was equal to that of a steel 
pole. I should put it at five times the life of a steel pole. 

Mr. Fox: This view is certainly opposed to general opinion on the Mr. Fox. 
subject. My second point deals with the question of the design of the 
towers. І ат rather surprised that in Messrs. Matthews and Wilkin- 
son's paper, which is a summary of what has been done in the United 
States, the design of towers is confined to sectional towers—in other 
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words, towers built up of channels, angles, tees, and so on. І think I 
am right in saying that the design of tubular towers is receiving con- 
sideration at the present time to a greater extent than the design of 
sectional towers, chiefly on the grounds of weight, but also for reasons 
of first cost. The principal members of these towers are designed as 
compression members, and when we come to compare the strength of 
steel of a given quality, say steel of 26 to 28 tons tensile strength, we 
shall get greater strength from the tubular design than from the 
sectional design. It may be of interest to know that the installation 
in Cornwall referred to by Mr. Trotter on the last occasion, where 
transmission lines are being laid down, that the towers are entirely 
built of tubular section. The following compzrison is of interest in 
this connection: Roughly speaking, a tubular tower will be about half 
the weight of a tower built up of sectional iron, but in actual figures 
the comparison is as follows: Angle iron weighing 22 lbs. per foot will 
have the same moment of inertia—;.e., the same strength from the point 
of view of these towers—as a tube weighing 8 lbs. per foot ; that is, 
22 lbs. versus 8. If we take iron of tee section we have 16} Ibs. per 
foot for the tee section versus 7 lbs. per foot for the tubular section. 
In channel iron section we have 16 lbs. per foot for the channel section 
versus 6 lbs. per foot for the tubular section ; and finally in an H-beam 
section you have 12 lbs. per foot for the H-beam versus 4 lbs. per foot 
for the tubular section. Apart from the question of weight, which of 
course means cost, the majority of these installations are abroad. 
Although in this country there is a limited field for transmission lines, 
the majority of these installations are abroad, and there the question 
of transport over heavy country, and the question of facility of erec- 
tion weigh very much in favour of the design which is the lightest. 
So far as erection is concerned, towers of the design to which І am 
referring can be erected at the rate of three per day for thc flexible 
towers or intermediate towers, and at the rate of one per day for the 
straining towers. I think this is quicker than it is possible for the 
erection to be carried out with towers of the design described in 
the papers, and which we saw on the screen on the last occasion. 

Mr. A. JacoB: I have looked through the papers under discussion 
and consider that they strikingly illustrate what might be done in this 
country in the distribution of power on the lines indicated by Mr. 
Ferranti in his Presidential address. Mr. Taylor's paper is a specially 
interesting contribution to what has already been written on this 
subject, and the data and practical information he gives will be 
valuable to engineers concerned in this problem. It is a curious fact 
that neither author deals with the important part which aluminium 
now plays in power transmission schemes, nor do they give any details 
of the r10,000-volts system recently put into operation by the Hydro- 
Electric Power Commission of Ontario, upon which aluminium has 
been employed throughout. Upon this system the total length of 
linc installed is 283 miles, the average pole spacing 525 ft., the height 
of towers 65} ft., and on the complete scheme, including the 13,200-volt 
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distribution system, over 2,000 tons of aluminium will be employed. 
The chief and most important differences in the design of trans- 
mission lines in this country and in U.S.A. and Canada is in the 
safcty factors adopted, the factor required in England being at least 
twice that upon which Canadian lines are erected, and this notwith- 
standing the fact that much more adverse weather conditions are met 
with in Canada than arc ever experienced in England. Under these 
conditions the capital investment required, and the difficulty in 
obtaining wayleaves, places serious limitations upon the ficld for long- 
distance power transmission in England. In calculating the sag to be 


allowed upon a copper or aluminium cable at any given temperature - 


so that it shall not be loaded beyond a given point under the most 
adverse conditions of wind and temperature, the formula commonly 
used in England takes no account of elasticity, and the stresses so 
calculated are far greater than those met with in actual practice, owing 
to the material being elastic. This difference may be as high as 300 
or 400 per cent., and will result in the whole line being constructed at 
quite unnecessarily heavy expense. The points chiefly raised against 
the adoption of aluminium are the difficulties in jointing it, and that it 
corrodes more rapidly than copper, more especially when erected near 
the sea coast. The joint now commonly adopted on long-distance 
transmission work, not alone on aluminium, but also upon copper lincs, 
is of the McIntyre torsion sleeve type, and it has proved to be quite 
satisfactory in practical operation. Upon some of the earlier lines 
solid aluminium wire with copper binders and clamps of metals other 
than aluminium were employed, with the result that trouble from 
galvanic action ensued. In general, therefore, it is well to avoid 
mechanical or electrical contact between aluminium and other metals, 
but where joints of this nature are necessary, provided they are 
eficiently protected from moisture, no trouble need be anticipated. 
The tensile strength of pure aluminium can be very materially in- 
creased by alloying it with copper and other metals, but this increase 
is more than counterbalanced by more rapid deterioration and a 
proportionate increase in the resistance of the alloy wire. Aluminium 
has now been in operation for many years upon over 70 important 
transmission schemes, and on the whole it has withstood atmospheric 
conditions at least as well as copper. I have placed on the table a 
sample of pure aluminium wire cut out of a line erected in an exposed 
position on the sea coast ; it has been in operation for over 8 years 
and shows little or no signs of deterioration. Such difficulties as have 
been experienced in the past in the employment of aluminium have 
in my opinion been mainly due to lack of experience in the handling 
and erection of a new metal and to the use of low-grade metal for the 
purpose. 

In conclusion, I would point out that in the typical case taken by 
Mr. Taylor on page 541, the cost of the conductor in aluminium would 
be £35,600, or £18,600 less than he calculates the cost for copper, 
showing a saving of about 35 per cent. on the cost of the conductor. 
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While making full allowance for the increased area of the aluminium 
wire, I cannot see that it would be economical to employ copper upon 
such a line. By the courtesy of the British Insulated and Helsby 
Cables, Ltd., 1 am in a position to place upon the screen some views 
of typical aluminium lines erected in this country :— 


Slide No. 1.—Terminal pole and general view of га sq. in. 
aluminium line erected. for Newton Chambers & Co. 
Length of line, 1:2 miles. 

Slide No. 2.—General view of r4 sq. in. aluminium line erected 
for Newton Chambers & Co., showing guarding and straight 
joints. Also showing where line changes from Н to single 
poles. Length of line, 12 miles. 

Slide No. 3.—General view of r4 sq. in. aluminium line erected 
for Newton Chambers & Co., showing cradle guarding over 
road and straight joints. Length of line, 172 miles. 

Slide No. 4.—Shows method of jointing 1°4 sq. in. aluminium line 
erected for Newton Chambers & Co. This is опе of the 
actual joints shown on slides Nos. 2 and 3. 

Slides No.-5 and 6.—Are two views of 3,000-volt, 5-phase, 0°25 
sq. in. aluminium line 3'r miles long, erected for the Wear- 
dale Steel and Iron Co., for connecting together their two 
power stations at Wyngate and Thornley. 

Slides No. 7, 8, 9, and 10.—Are pole views of a complete distribu- 
tion system carried out at Ystradgynlais. The lower wires 
on Nos. 7,9, апа го are No. 14 S.W.G. The other sizes are 
7/0159, 3/0°237, 3/0°144, 3/0174, 3/0096, 3/0120, 3/o'122, 
1/0°°83, (14 S.W.G., 1/0103 (12 S.W.G.). 


Communicated : The tests referred to by Mr. A. J. Stubbs (see p. 620) 
as being carried out by the Post Office upon aluminium wires of small 
gauge have in my opinion little bearing upon present-day aluminium 
practice. As Mr. Stubbs points out, these tests were carried out ten 
years ago, and at that period little was known of the properties of 
aluminium or the methods of converting it into wire or strand. View 
Nos. 7, 9, and 10, which I placed on the screen, illustrated some 
aluminium lines in South Wales, upon which the conductors are 
No. 14 S.W.G., and these lines have now been in satisfactory operation 
in a position where severe weather conditions are met with for over 
two years. I have no doubt that were these tests now repeated very 
different results would be obtained. 

Mr. C. J. GREENE : So many points have been touched on that it 
leaves very few still to be considered, but at the same time there arc 
scveral points of detail which are of interest in connection with thc 
actual erection of these lines, and which are, I think, not sufficiently 
prominent in the papers. I therefore hope the authors will give us 
a little further information upon them. In the first place, in these long 
spans it would be interesting to know whether the factor of safety 
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on the conductors is obtained by working with a dynamometer and 
getting the actual tension iu the conductors, or whether it is obtained 
by in any way measuring the sag. There is a point in measuring the 
stress in these conductors by dynamometers which is very often 
overlooked. Nearly all tables which are compiled give the varia- 
tion for temperature, but none of them allow any variation for wind 
pressure. If we crect a line, say, having a factor of safety of 5 on a 
calm day we shall not have a factor of safety of 5 in that line when 
there is a wind blowing. The consequence is there must be some 
table which allows for this varying wind pressure. If we erect a line 
on a day when there is a flat calm, with no wind pressure, thc tension 
to which we pull up the conductors must be very considerably less 
than one-fifth of the breaking strain of the line. There is a difficulty 
in this, because if we are going to work actually to any table we must 
know on the particular day on which we are erecting the line, not only 
the wind pressure, but the relative direction of the wind pressure to 
the line itself ; and it would be interesting to know what the American 
practice is in this particular case. The next point to which I wish to 
direct attention is the jointing of conductors in between spans. . I was 
very interested to see the clamp joint shown on the screen by Mr. 
Jacob. So far as the McIntyre joint goes, I believe it makes a 
thoroughly sound working joint, but it is a joint that does not give 
the same strength as the strength of the line itself, and in this country 
when lines have to be pulled up to a definite stress this leads to com- 
plications. Various tests have been made on these McIntyre joints 
by actually putting them in a testing machine and pulling them apart, 
and the over-all strength of these joints is in the nature of бо per cent. 
of the strength of the line itself. If we are going to erect a line with 
a given factor of safety it means that if we insert one of these McIntyre 
joints in that particular span we shall get a very much lower factor 
of safety than 5. I do not say that this absolutely precludes the use 
of this type of joint, but still the fact remains, and if we are going to 
get the same factor of safety in the span where the joint occurs we 
must erect it with a much greater sag. Itis possible that this clamp 
joint which was shown on the scrcen may have a greater mechanical 
factor of safety than бо per cent. of the line, and it would be of interest 
to know what the actual over-all strength of that joint was. These 
remarks do not apply particularly to aluminium, because I think any 
joints of this nature, whether made of copper or aluminium, must of 
necessity have very much less strength than the line itself. I believe 
it is the practice of the Post Office and the National Telephone Com- 
pany on their smaller wires to make an ordinary Britannia joint, and 
here again it would be interesting to know whether any of these 
Britannia joints have ever been actually put in a testing machine and 
pulled apart, and if so what is the strength of the joint compared with 
the strength of the line. 

The next point to which I wish to refer is the question of con- 
ductors swinging in the wind. I notice the authors said that these 
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conductors all swing together. I believe that is true of copper, but 
I am not at all certain that it is true of aluminium. The aluminium 


conductors are so light that when a sudden gust of wind strikes one 


of these spans the conductors suddenly fly out from the sudden gust, 
and if there is any small difference in the tautness with which the 
individual wires are pulled up, or if there is a large joint in that par- 
ticular span, I am strongly of the opinion that these conductors would 
swing out of phase. Further, with aluminium conductors there is the 
possibility of their breaking at the positions where they arc bound 
to the insulators. It would scem possible that the swinging of these 
conductors in high winds would cause local crystallisation or dcteriora- 
tion at the exact point where they are gripped or bound. Information 
on this point would be exceedingly valuable. 

The third point to which I wish to refer is the question of poles. 
I do not quite know what the standard specification would be in 
America so far as the factor of safety goes. Would this cover the 
breaking of one or more wires on either side of the pole? In Figs. 13, 
14, and 15 the poles appear to be bolted down to a bed of concrete. 
I am not quite certain whether this is so, or as to whether that is a 
principle generally adopted in America. I should be glad to know 
what the standard practice is in connection with bolting down or 
fastening these large iron poles. So far as wooden poles go in this 
country, many more lines have been erected with wooden poles than 
with steel or iron poles. I think that up to spans of about 100 yards — 
80-yard spans are about the largest we have in this country—the cost 
of the wooden pole compares very favourably with the stecl pole; in 


fact, we may take it that up to roo yards the cost of wooden poles 


is less than that of steel poles ; but on spans of about 100 yards I think 
we reach the turning point. It may be of interest to state that large 
tripod poles have been erected in this country in wood up to a total 
over-all height of about 102 ft. These poles carry six conductors, the 
sectional arca being about o'1 sq. in. These were poles built up, and 
naturally not all in one piece. With reference to the insulators, I am 
not quite certain what the practice is in America as to the specification 


for flashing-over under rain, but insulators of any type when subjected 


to heavy rain have their arcing distances reduced to such an extent 
that I think, from the point of view of continuity of service, it is a most 
important point that the factor of safety given in the specification for 
flashing-over should assume the worst possible conditions ; and under 
these worst possible conditions I think a sudden rise of voltage must 
be assumed to take place, otherwise there will be a shut-down on the 
line. On page 536 of Mr. Taylors paper the relative interruption on 
lines having the pin type of insulator and the suspension type of insu- 
lator is referred to. It would be interesting to know, first, how many 
insulators there were on each line, and, secondly, how many break- 
downs they had on each linc, that is to say, the actual figures rather 
than the percentage figures. A detail which is not clearly shown in the 
photographs on page 536 of Mr. Taylor's paper of an intermediate pole, 
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or an anchor pole, is the method of making the electrical connection 
between the wires coming from each direction. 

Mr. E. H. RAYNER: Taking Mr. Taylor's paper first, there are 
various points in connection with it which seem to require further 
explanation. On page 540 there is a very important matter rcferred to 
which the other speakers in the course of the discussion have not 
touched upon, and that is the apparent kilowatts required to keep a 
very high-voltage line charged. The author mentions a line of 135,000 
volts, which we may take as a maximum for the moment, and 125 miles 
long, and that line requires a machine of a normal output of 11,000 k.v.a. 
simply to keep it charged, giving no power at the other end. Running 
a machine of a capacity of 11,000 k.v.a., even at a low-power factor, 
corresponds to a good-sized steady load ; and this is a matter of very 
great importance in considering these long lines of very high voltage 
for alternating current, especially when coal is to be used as the source 
of power. If we have any machine of less power than 5,000 or 10,000 
k.w. we shall never be able to run it alone ; we must have 10,000 or 
20,000-k.w. machines, or have machines running in parallel which have 
that capacity in order to actually keep the line charged. If we have a 
machine of 500 k.w. it will simply burn out. Then on page 544 Mr. 
Taylor discusses the question of star and delta connections on the high- 
voltage side of the transformer. There is one little advantage which 
may arise in future in the use of the star connection, and that is that 
only one high-voltage terminal on the transformer is needed. The 
terminal question on high-voltage transformers of 100,000 volts is a very 
important one and very expensive, If we go straight away to a star- 
connected system we practically earth the other pole of the high-voltage 
winding, and we need only have one terminal which has to have this 
very high insulation. That is one item which may save a considerable 
amount of moncy in high-tension plant. In Messrs. Matthews and 
Wilkinson's paper there are one or two points in regard to which a 
little further information would be useful. They deal, for instance, 
with the B. and S. wire gauge, but do not give sizes in inches as 
well, which would be more useful. Then on page 574the authors mention 
the wind velocity, and state that the usual allowance in the United 
States is } in. thickness of ice all round the wire, with а 65 mile per 
hour wind velocity occurring at the same time. But the authors give 
no indication of the relation joining the miles per hour and the horizontal 
force per foot run of the wire, so that we can get no further in our 
calculations. The value of this factor, whether it is taken as depending 
on the square of the velocity of the wind or not, will be useful, especially 
if reference to experimental data can be given. The authors mention 
also that the overhead ground wire should be earthed with great care. 
Do they mean that a special ground wire is run down from the top of 
cach tower, or can the tower legs be trusted to make a sufficient earth 
connection? It has been suggested that special cross-pieces should be 
put, I think, in the earth, or that the legs should be run through the 


concrete, but the statement that the overhead ground wire should. 
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be earthed with great care necds a little more amplification. The 
authors deal with the question of very high voltages, and express 
opinions as to what pressures we may reach inthe future. My personal 
opinion is that 20,000 volts is a very small voltage, and if we look at 
page 578 of the paper we can sce one reason. The authors there give 
the cost per mile of transmission lines for various voltages. If we look 
at the table that is given, we find that the cost per mile of a 50,000-volt 
system is £462, and i£ we double the voltage and make it 100,000-volts, 
the price comes to only £502. In other words, doubling the voltage 
and doubling the carrying capacity of the line only increases the 
capital cost 8:5 per cent. "That in itself is a great argument for running 
at the very highest voltage we possibly can. There is another question 
which arises in connection with the corona, and that is that it may be 
necessary, in future, in order to insure continuity of service at these 
very high voltages, for the lines to be run at the breakdown point of 
the air. As Mr. Sparks mentioned, it seems to be a safety valve of the 
greatest importance. I think it is more than that. I think in time it 
will compel engineers to run at this “overflow” point, because if we work 
at 20,000 volts the lightning is very much more dangerous than if we 
run at 100,000 volts, and it may compel us to run at the higher pressure 
if experience confirms this immunity from lightning troubles. That 
is only an idea of mine. The insulator itself has not been mentioned 
by many people, and I thought perhaps a little experience which I have 
had with regard to some insulators might be of interest, as the trouble 
may have occurred on other lines, These insulators were used on the 
Mussoorie electric system in India under exceedingly trying conditions 
of rainfall. The system worked at the comparatively low voltage of 
6,000 three-phase, star to carth, 45 amperes, and line wires of No. 7 
S.W.G. The system is not a large one, but the insulators have given a 
great deal of trouble in the rainy season, when the rainfall 1s exceed- 
ingly heavy. The rainfall in the district is about 140 in. in three 
months, and as much as 20 in. have fallen in 24 hours and g in. in 
3 hours. The latter is about as large a quantity as we have in threc 
months in England. I have placed on the table one of the insulators 
which has been sent to us to test. The engineers have had considerable 
trouble through the insulators breaking off at the neck. The wire is 
tied at the neck, and the engineers thought that an arc started from the 
wire at the neck, owing to the action of the heavy rain, and went over 
the surface of the insulator and then down to the pin and cross-arm, 
which is 3 in. from the insulator. They consequently requested that 
tests should be carried out up to 20,000 volts, under conditions 
simulating a verv heavy rain. On trial this was found to be quite out 
of the question. Though standing 50,000 volts dry, the tests showed 
traces of leakage at 6,000 volts when wet, and at 15,000 volts there was 
arcing along the dripping water. As the voltage to earth was 3,000 the 
conditions seemed to be probably safe from this point of view, and 
another cause was looked for. It was noticed that the insulators were 
not glazed along the bottom edge, and it seemed possible that the 
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porcelain might become water-logged. Some were therefore put in 
an oven to dry out, and others had the central hole partly filled with 
water. They were then subjected to a high voltage and the conditions 
of the two sets reversed. There was no doubt about the result. Those 
which had been dried would stand 50,000 volts and then arced to the 
pin without damage, while the soaked ones glowed all round the neck 
and over the groove in the top at 25,000 volts, and became quite hot 
in less than a minute. No doubt the water causes a high.resistance 
circuit which generates a. considerable amount of heat, and the glaze 
is finally broken through. The insulators have been used, as I under- 
stand, with the line wire tied to the neck only. This accounts for their 
failing at this point. From the experiments it seems likely that more 
trouble would be caused if the top groove were employed, as thc 
porcelain seems to be generally thinner at this point, and failure has 
generally taken place at the top after glowing more there than at the 
neck when conductors were fixed in both places. It is thus important 
to glaze all over, even the screw-hole. 

Mr. H. BRaziL : The few remarks I have to make refer to the pro- 
tection of the transmission line from electrical disturbances. The 
apparatus may, I think, be divided into three classes: the first dealing 
with surges, of which we have examples in the horns with resistance 
in series, the horns with aluminium cells in series, and the multi-gap 
with resistance in series. Тһе second, dealing with slowly accumu- 
lating charges, takes the form of very high resistances passing very 
small currents continuously to earth, and as examples we have the 
water-jet arrester and the carbon-powder resistance. The third is 
that dealing with direct lightning strokes, and here we have as 
examples the ground wire and also widely-set arrester horns with or 
without resistance in the circuit. Dealing first with surges, Mr. Taylor 
speaks very well of the aluminium cell, but he does not give any details 
of the actual working. Although the cell is called electrolytic, it is 
dependent for its sparking voltage upon the arrester horn. It also 
depends upon the arrester horn for the putting out of the arc. I 
should like Mr. Taylor to tell us at what percentage above the normal 
voltage of the supply system he sets the arrester horn which is in 
circuit with the cells, as it is a matter of some importance їп deter- 
mining what protection is afforded to the line; and, secondly, what 
current flows to earth at the moment the discharge occurs. On the 
latter point I should like to call attention to the statement at the 
bottom of page 512, where Mr. Taylor says, “ The effect on the line 
caused by a flash-over of the lightning arresters may cause a heavy 
disturbance on the whole system.” I do not exactly gather why it 
should cause a disturbance. Why is a disturbance necessary ? Does 
it not point to the fact that the particular arresters used passed too 
much current? It would seem that any arrester which is effective 
and is well designed should not by its action produce surges on the 
system. I have had no experience with 60,000 volts, but with 10,000, 
volts using horns and resistances, I have records of hundreds of dis- 
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charges, and with the exception of where water resistances, which 
have since been replaced, have broken down no disturbance has been 
caused on the system by the working of the arresters. Another point 
with regard to these aluminium arresters which has been already dealt 
with is that they must be charged once a day in order to keep the 
clectrolytic film in working order. Further, I am informed that the 
electrolyte itsclf is by no means reliable; it is difficult to be sure 
that it always remains in the same condition. "This reminds ше of a 
little jest of Mr. Patchell's at a meeting of.the Institution a year or 
two ago. He said that in Italy they waited until they saw the storm 
approaching before turning on the water to the water-jet arresters. 
One pictures to oneself the man in the watch-tower looking out for 
the storm, the telephone message to the switchboard, and the rush 
of the switchboard attendant to the water valve to turn it on before 
the station is destroyed. That may be magnificent, but it is not 
electrical engineering. I quite admit that it is possible for one to 
{огсзее a storm and to make provision, but I defy any one to see а 
surge approaching. The point I wish to emphasise is that apparatu» 
of this kind must be ready at all times to deal with any conditions that 
may arise, and I therefore think the aluminium cell cannot be altogether 
satisfactory if it has to be charged once a day, nor if the electrolyte 
is unreliable. I was interested at the last meeting to hear Mr. Peck, 
who some two or three years ago was a staunch adherent of the 
aluminium cell and brought it forward as being the solution of the 
lightning arrester problem, now rather backs away from it. He admits 
the disadvantage of having to charge it once a day, and at the last 
meeting he brought forward a substitute which, if you analyse it, 
comes to nothing more nor less than a horn arrester with a resistance, 
which was in operation a long while before the aluminium cell appeared. 
Coming to the second division—slowly accumulating charges—l 
should be glad if the author will tell us what current is necessary 
to flow to earth in order to prevent an accumulation of potential. 
I have had some unhappy experiences, which Mr. Patchell will sub- 
stantiate, with water resistances, and it makes one fight shy of any 
apparatus which involves the use of a liquid. The disadvantage of 
the water-jet arrester is that there must be a constant supply of water 
under pressure, which in many cases is impossible. Secondly, the 
variation in the resistance of the water owing to impurities getting into 
it is an important matter, and also the variation in size of the Jet. 
This point was mentioned in a paper read last year by Mr. Clayton, 
who said that it was never possible to tell what currents one was going 
to get in thesc water jets owing to the variation in the resistance of 
the water. I venture to suggest that the carbon-powder resistances 
described during the discussion on Mr. Clayton's paper, one of which I 
have had working with one-tenth of an ampere on a 10,000-volt 
circuit for some weeks without any alteration whatever, is a much more 
reliable apparatus. In connection with the third division—the direct 
lightning strokes—the ground wire has been brought forward as a 
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solution of this difficulty, but in the course of the discussion one 
speaker has said that he would rather be without it. Opinion seems 
to be very divided as to whether it is useful or not. I should say 
it was useful under certain circumstances, but clearly if the overhead 
line gets struck by lightning the ground wire is useless, because it 
cannot discharge the overhead line; and besides that it is very 
expensive. Widely-set horns, say with about an inch gap, connected 
between the line and earth, with or without resistance in circuit, 
seem to be a solution to some extent. As to how far they are a 
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solution I cannot say, but I should be glad if Mr. Taylor would tell us, - 


The question of putting resistances in circuit with the horn is a rather 
interesting one. If a resistance is put in, it should be non-inductive 
and capable of taking a very heavy load. I think a small resistance is 
very good, because when lightning strikes the line it prevents a very 
heavy current flowing from line to earth. On this point I should like 
to put before the meeting an interesting experience to which my 
attention has been drawn ; it is not in my personal experience, it is 
only what has been told me. On an overhead line in this country it 
was found that when arrester horns were connected to the overhead 
line, and the other side of the horn was connected direct to earth, 
flashing-over occurred fairly frequently, especially during the evenings 
and at night ; but immediately a resistance was put in circuit with the 
horns (I may mention that the arrester horns were set at a wide gap in 
the first instance) they could set the gap at a very much smaller figure, 
and they did not get discharges. I do not profess to explain this, but 
should be glad if Mr. Taylor or any other member could put forward a 
solution. I should like to suggest that wc follow rather too much like 
sheep on this question of the protection of transmission lines. I have 
known cases where thirty feeders were connected on to a common bus- 
bar, each feeder being provided with a lightning arrester. The majority 
of those thirty arresters were not working ; they were there for show, 
because either the resistances were broken down, or else the gaps were 
set so impossibly high that they could never spark across. If a few 
properly working arresters were placed on the bus-bars, we should 
have much better protection than with all those thirty, connected one 
to cach feeder. 

Mr. B. M. JENKIN : I do not know that I am in order in speaking 
a second time, as I occupied a short space of time on the last occasion, 
but I would like to emphasise what Mr. Sparks has said, for the thing 
that really determines.the voltage to be used on a given trans- 
mission line is not its height, but the amount of power it has 
to transmit. In America the tendency has been to raise the voltage. 
They speak of transmitting 50,000 k.w. on a onc-polc line, and to 
do that they have to use 100,000 volts. In this country we have not 
got long distances, but we may have the other and perhaps greater 
difüculty to contend with of obtaining wayleaves, and that will, ] 
think, make us use these high voltages. It is difficult enough to get 
wayleaves for a one-pole line, and when we have to transmit any 
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amount of power we must take it by that single-pole line, and not 
have to duplicate the line in order to get the power transmitted. It 
is only a few years ago that my firm were considering transmitting 
some power by an overhead line for a comparatively short distance, but 
we had to give it up because, at that time, the voltage that we thought 
it possible to work at was so low as to make it impossible to get enough 
wires on to the pole. If we could have used a higher voltage, such 
as is now possible, we could have done it very much more cheaply 
than we actually did do it by the use of cables. 

Mr. A. J. STUBBS: One or two references having been made to 
Post Office practice, it may be in order for me to make a few remark: 
in that connection. With regard to aluminium wire our experience is 
only of wire as it was made ten years ago, when, during a gale which 
did not affect any copper wires in the district, the whole of some 
aluminium wire put up for trial utterly collapsed, actually breaking 
in nineteen of the spans, This failure led us to make some factory 
experiments to see whether we could get over the difficulty. Our 
tests showed the great importance of differentiating between the 
elasticity of the wire when subjected to strain for a short period and 
its elasticity when subjected to constant strain. This is noticeable, of 
course, with copper as well as with aluminium wire, but to a much 
less extent. For instance, a 40-ft. length of 150 lbs. copper wirc, with 
a breaking weight of 490 lbs., when loaded:for a short time to 110 Ibs, 
showed very slight elongation, and recovered absolutely as soon as 
the load was taken off. When loaded for 24 hours it extended 
єз in.; when loaded for three days it extended у in.; and its 
maximum elongation of 44 in. was attained after being loaded for 
14 days. In the case of the aluminium wire the stretching was far 
greater, and the permanent elongation under the same conditions 
continued to increase for over six weeks. Referring to another series 
of tests with 36 ft. samples of aluminium ; some loaded for 150 days 
with 200 lbs. elongated as much as 34 in.; and others loaded for 
over 100 days with 150 lbs. showed a 1-in. stretch, and had not reached 
the limit. Asa result of several thousands of these readings we camc 
to the conclusion that, in considering the quality of elasticity from 
the practical standpoint, it was desirable to take the highest load 
at which no permanent elongation took place. Comparing in that 
sense pure aluminium, aluminium bronze, and copper, we found the 
result for aluminium was only 2,900 lbs, for aluminium bronze 
3,200 lbs., while for copper it was 8,000 Ibs. per square inch. 

Our main difficulty in regard to use of aluminium was, no doubt, 
the matter of soldering, as, so far as telegraphic and telephonic 
circuits are concerned, our experience even with copper wire has 
uniformly been that the McIntyre or other form of mechanical joint 
is not satisfactory. The Britannia joint that we use is stronger than 
the wire itself, and, of course, gives us a perfect electrical joint. 

The only other point I should like to refer to is with reference 
to the insulator which has been placed on the table by Mr. Rayner. 
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For considerably over thirty years the Post Office specification for 
insulators has secured that the insulation does not depend in the least 
upon the glazing. It is possible to take a British-made Post Office 
insulator, entirely remove the glaze, and not reduce the insulation 


at all. The glazing is merely to reduce the tendency for dust to adhere. 


Mr. F. V. T. LEE: The subject of these papers has been of peculiar 
interest to me since I have until quite recently been associated with 
long-distance power transmission engineering in California, and it is 
interesting to note the great differences of opinion there are, even 
among those similarly situated. In other words, I cannot subscribe 
entirely to all the authors have said. The papers are very broad, and 
consequently it is hardly expected that all points would be covered. 
However, taking the points as they appear, I would like to call par- 
ticular attention to the absolute necessity, in power plants of this 
character, of having what I think Mr. Taylor calls condensers or syn- 
chronous motors distributed as much as possible along the system. It 
is possible to operate without synchronous motors, i.e, with rotary 
converters, but synchronous motors give much better control of 
the regulation and power factor of the system ; added to which they 
have in our experience in California been found to be very much 
more satisfactory, particularly where it is necessary to transform 
from alternating current to direct current for railway purposes, 
since the motor generator maintains the direct-current voltage 
constant, which is of course desirable. In the system of which I 
speak, there are eleven water-power plants with an aggregate capacity 
of 67,000 k.w. operating at 60 kilovolts, the whole being more or less 
tied into one network, and on that system it wasabsolutely impossible to 
regulate the delivered voltages from the plants. The best mean voltage 
for the system at the various times was maintained at the plants by orders 
from the power despatcher. At all sub-stations the transformers are 
equipped with variable taps on the low-tension side, which are brought 
out to a rotary switch or “regulator head" (operative under load) to 
give a 20 per cent. range of voltage, то per cent. above and то per 
cent, below normal, the lighting circuits themselves being provided 
with automatic regulators. Some such provision is absolutely essential 
for a lighting service on large systems, where large blocks of power 
come on and off the lines without notice. Regarding future limitations 
of voltage, I am inclined to think that the local authorities, or official 
bodies appointed to control the rights sought by power companies, 
will have more to say and will have more effect on the upper limit of 
voltage than will the corona. Local restrictions are already felt in the 
West, but we are now coming to the point where a Public Service 
Commission, made up of experienced and qualified men, will deal with 
the matters arising between the public service corporation and the 
public—individual, corporate, and municipal—instead of the local 
boards made up of farmers or other locally elected representa- 
tives, necessarily without qualification in technical matters. The 
States of New York and Wisconsin already have boards of 
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this character, having the further power to fix rates and prevent 
wasteful competition. In California, power companies holding charters 
from the State are vested with the right of “eminent domain," giving 
them a right of way over the public roads, subject to the rights of prior 
occupants—telephone, telegraph, etc. They can also “condemn” or 
expropriate a right of way over private property, subject to judicial 
or arbitrational values of the damage—a right only exercised as a last 
resort on account of delay and legal difficulties, but these rights do not 
interfere with the police powers of the local municipalities. In several 
cases of my experience where lines passed within the boundaries of 
the municipalities, but without the settled portions, it was actually 
necessary to take down the lines and build round the town, to avoid the 
restrictions that the local authorities desired to impose. However, 
with a Public Service Commission, or a Power Commission, in existence 
this and similar troubles will be avoided, but I am inclined to think 
that 100,000 volts or thereabouts will remain the limit for some little 
time. 

I have had some very sad experiences with lightning arresters of 
the gap type. Ten years ago, when these were in vogue, it was neces- 
sary to put up a building very nearly as large as the power station to 
house the arresters. When a discharge took place, it often shut down 
the plant, and after the arresters were cut out all hands cleared away 
the wreckage. New varieties of resistances and new types and arrange- 
ments of gaps were tried, with the same disastrous results. Eventu- 
ally the old horn-type arrester was substituted and is now used entirely 
on the Pacific Gas and Electric System. So far, we have not been able 
to get any satisfactory resistance to operate with them. However, I think 
the horn arrester with a resistance is the most satisfactory solution in 
sight. Some of the other power companies in California have the electro- 
lytic type, but I have not been fully advised as to the results obtained. 
I agree with the suggestion that split conductors are necessary for 
service, but it is necessary to go further and split the pole lines; that 
is to say, a single pole line carrying two circuits is very little better than 
a single pole line with one circuit, because it is very difficult to repair 
a line with a live line on the same pole, although it is done. Further 
than that, in most cases when one line is in trouble the other will also 
be affected. For continuity of service it is absolutely necessary to 
have two-pole lines, and these preferably, if it is not too expensive, 
should take different routes. 

In small units I think 3-phase transformers are probably desirable 
where the saving in cost is material and the saving in floor space is 
necessary ; but in large units, 1,000 k.w. or larger, it is better to instal 
single-phase transformers. I know of one case where a short circuit or 
some similar trouble within a 10,000-k.w. 3-phase transformer resulted 
in an explosion that not only blew out the case but did considerablc 
damage to the power house, and the shock was sufficient to knock all 
the operators down. Similar short circuits in transformers, in my own 
experience, up to 2,000-k.w. capacity have not been accompanied by 
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any such evolution of force. I think, therefore, that this factor of 
the possible effect of a short circuit within the transformer must be 
looked to very carefully when large units are installed. While on this 
subject, I should like to add a plea that the insulation in high-voltage 
transformers should be as far as possible fire-proof. I have always 
specified that the insulation, particularly between the coils, should 
be of micanite or something of that sort. With a micanite-insulated 
transformer burn-outs are usually localised. As the extent of damage 
usually governs the time apparatus is out of service, this is a very 
important factor to the operator. The new switch suggested in the 
paper is very interesting. I regret that we have not had an opportunity 
of obtaining a description of it. After some fourteen or fifteen years' 
experience I have come to the conclusion that for 60,000 volts there is 
nothing better than a horizontal break switch with plenty of oil. We 
have had a great deal of experience with switches of all types and 
conditions, and ultimately developed one for our own use. This switch 
was illustrated, I think, in Dr. Marchant's paper last year.“ It is a 
switch that has operated with perfect satisfaction up to the limit of the 
system on which it is installed. It is quite possible that in its present 
form it would not be satisfactory for 100,000 volts, but I think it likely 
that some time will elapse before switches that are entirely satisfactory 
even for that voltage will be obtained. Prolonged and severe service 
is necessary before a switch can be said to be satisfactory. Factory 
and shert-time tests are not conclusive. 

Another point that is mentioned in the paper is the new method of 
putting the series transformer on the insulators, or “ bushings,” of the 
transformers themselves. This unquestionably will minimise and tend 
to reduce the cost of the series transformers, which are very expensive. 
On the other hand, I hope that the manufacturers will develop a 
substitute for series transformers. I know of few things more deadly 
than 60-kilovolt series transformers іп a station. It seems that a small 
transformer is demanded as an appendage to a meter—itself usually 
small. These transformers, when they are connected directly to the 
line, are a very great source of danger, and many serious accidents have 
resulted from their failure. With regard to the question of transformer 
connections, and the advisability of using either delta or star con- 
nections, I think in all the cases cited—and I know most of them—the 
simple fact is that the plants now operating on the star voltage started 
with the delta, and those that are operating on the delta hope to change 
to star. The transformers should always be insulated for the star 
voltage, even if they are bought to operate on delta. I should depre- 
cate any system of false alarms for sharpening the wits of the 
line men or patrol men. I think the policy of false alarms of any 
character is bad. A very important question we had to consider on 
our system was the question of the operation of our telephone lines. 
The original telephone lines were strung on the main pole lines. 
Reliance on these, however, has been abandoned, more or less owing 
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to the fact that when the pole lines were in trouble the telephone lines 
were in even greater trouble, and the result has been that most of the 
systems now lease lines from a telephone company on the telephonc 
company's own pole lines ; these lines are as much as possible away 
from the power lines. The lines on the transmission poles are then 
used for ordinary repair work, and for local work between stations as 
much as possible. Despatching and important business is transmitted 
over the leased lines. 

The allowances for depreciation mentioned іп Mr. Taylor's paper 
do not seem to have been questioned. Five per cent. depreciation 
on power-house equipment, 3 per cent. on buildings, and 5 per cent. on 
lines appears to me rather low. The very important factor of ob:o- 
lescence may, in the case of electrical apparatus, exceed cven that 
figure itself. With regard to the question of poles, I believe that wood 
poles will be necessary for certain classes of work for some time to 
come. Unfortunately, however, we are not so situated, even in Cali- 
fornia, that we can cut our poles down as we goalong. The poles used 
in California are usually selected cedar poles from Oregon and Wash- 
ington. The life of our poles is uncertain ; I think ten years is about a 
fair average. There are some poles that have stood for forty years, but 
there are also a number of lines on which the poles have stood only five 
years without stubbing or resetting. 

Mr. MoRDEY : Аге thc poles treated at all ? 

Mr. LEE: No, they are not treated, but the Federal Government 
have been investigating a cheap method of trcating the butts with 
creosote or carbolineum by a natural impregnation. The concrete 
pole offers a great many advantages, were it not for the fact that the 
lines are usually in more or less inaccessible and rough mountainous 
places, and consequently it would be almost impossible to transport 
them. They are nearly as difficult to transport as the materials. Con- 
crete, however, will probably be used more in the towns on the coast. 
more or less for ornamental poles, for the reason that we have a number 
of cement works near by, and cement is cheap. Wood is becoming 
more expensive, and steel even more so. Of course for a high-tension 
line steel is really cheaper on the life that is suggested of, say, thirtv 
years, or even a lower life. The only basis for that life is that similar 
structures have stood. That is to say, the predecessor of the present 
transmission tower is the American windmill tower ; that tower has 
stood pretty well, and a great deal of experience has been obtained 
from it; in fact, the first steel tower line on the American continent 
was built in Mexico some eight or nine years ago, and was built of wind- 
mill towers with a pipe extension at the top. А good steel pole, however, 
is very much needed, but so far we have not been able to develop one 
with the requisite strength, a small base, and at the desired low cost. 
These are needed for lines that run along the highways and similar 
places, where the cost of maintenance of wood poles is high (although 
not any more so than in other places) and towers are out of the question. 
We have had no difficulty with long spans. The general construction 
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now is to use ten towers and twenty poles to the mile. Until recently 
forty poles to the mile was the usual construction, but owing to the cost 
of the insulators and insulation troubles it was found that a cheaper and 
better insulated line was obtained by taking out every other pole in the 
line ; subsequent lines were built with twenty poles to the mile. The 
cost of the insulators is a very large factor on these lines. The flexible 
structures we have not tried and do not know very much about. The 
experience with insulators that was mentioned to-night is very intercst- 
ing in that we had a similar case fourteen years ago on one of the first 
lines built. We then had porous insulators, but nowadays I do not 
think that the high-tension insulators depend at all upon their glaze for 
their insulating properties. The specification usually says that they 
shall not. The suspension insulator has rendered possible the 100,000- 
volt lines. There is still one point in that connection, however, which 
has to be developed, and that is a successful design of the strain sus- 
pension insulator. This is the insulator that is arranged horizontally 
and not vertically, and it is these insulators on the anchor tower that 
take all the strain. The first type developed was the interlinked insu- 
lator, in which the mechanical links actually interlinked with each 
other although there was porcelain in between. Those, of course, 
werc absolutely safe, if the links held, for the reason that if an insu- 
lator was shattered there was still the metallic link connecting up the 
remaining ones. Considerable trouble was experienced with the links, 
and cemented connections were used, but these also have given some 
trouble—how much I am not prepared to say, as I have never used 
them. But I look on the present design of strain insulator as leaving 
much to be desired. 

Road crossings are a very real question with us in the West, and I 
see it is the same here. We first erected elaborate cradles and nets to 
catch the wire, but found great difficulty in keeping them up properly. 
Now the general practice seems to be to build the line so strongly and 
so carefully, if need be, with messenger wires and other devices, that 
there is very little possibility of it coming down. I am rather in 
favour of a device which has been used in Colorado, known as the 
drop-out connector. The moment the strain is released on the wire by 
the wire breaking, the line disconnects itself by а ball-and-sockct 
arrangement at each end of the span. I have had some field tests made 
with this apparatus, and find that it works splendidly, and that the 
conductivity is quite good. The American Institute of Electrical 
Engineers in conjunction with the railway companies аге now 
in conference to determine upon standard designs for crossings. 
There is one point I would like to emphasise, and that is the 
absolute necessity of having a relay plant where cities or towns of 
importance are served from long-distance lines. I do not think it is 
possible, for anything like the expense that a relay can be put down 
for in a town, to duplicate the lines sufficiently to guarantee the service. 
That statement, I know, is somewhat heterodox; at the same time, 
from my experience in operating in two large cities, Oakland and San 
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Francisco, we have found it necessary to keep a spare plant on the line 
at all times. In the large cities, theatres and lifts and other very 
important services cannot be interrupted, and there is absolutely no 
other way of guarantecing continuity of service. For street railway 
purposes good service can be given with gas-engine relays. Gas engines 
are built that can be put into service immediately that the call is 
given, the men, of course, being on duty and the gas being in the holder. 
We have put a 3,000-k.w. gas engine on the line in 35 seconds. Іа no 
case have we been longer than 4 minutes on an ordinary service, and 
the average is usually about 1 minute—that is, from the time а 
message is received by the operator and the signal given. The success 
of power transmission for the large cities depends entirely on a 
proper guarantee of service. The smaller towns, street railways, mines, 
and similar loads, can be taken care of by duplicate lines. After a 
certain point it is cheaper to put in additional standby plant than it is 
to put in additional duplication of lines. 

Communicated: Many of the station wiring layouts illustrated in 
Mr. Taylor's paper are open to criticism on account of the complexity 
involved by the relays and other automatic devices. In my experience 
the simplest and almost elementary arrangement of switching is the 
most desirable. Even the most simple arrangement will introduce 
sufficient complication occasioned by the distant control of switches 
necessary in high-tension plants. Furthermore, in most cases, time- 
limit relays and other automatic circuit-breaking devices are a positive 
detriment to continuity of service, since, among other things, they tend 
to cause the operators to place too much reliance upon their action. 
Control by well-trained and experienced operators is much more 
reliable at the power plants. Rates are always a moot question, and if 
only the consumer would look upon the matter in the same analytical 
way and from the same standpoint as the power company, no trouble 
would ensue. All equitable rates are based upon a “standby” or 
“ readiness to serve” charge plus a charge for the energy consumed. 
Many opinions exist among engineers as to the exact relation these 
should bear to one another. The consumers are mostly of one 
opinion ; they do not like to be charged a variable rate, since it runs 
up their costs when their output is low. In many cases it has been 
found possible to give flat rates per kilowatt-hour, with a monthly 
minimum, and there are many loads that a power company can afford 
to handle in this way with justice to itself ; for instance, cement mills, 
gold dredgers, clectrochemical works, and large mines (where the 
variable and the hoisting loads do not form too large a factor). The 
point I am endeavouring to make is that it is very difficult for a power 
company in competition with cheap fuel to lay down too many hard- 
and-fast rules in the matter. Building up the load factor by “ of- 
peak" loads will do much to simplify the rate question. Wooden 
pins have been entirely abandoned in the West, iron and steel being 
used exclusively. Further, where wooden cross-arms are used, the 
pins are connected together electrically and in most cases connected to 
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earth by a wire running down the pole to a ground plate. I cannot 
feel that the overhead ground cable carried over the steel tower lines 
has, as yet, established its. value and necessity as a line discharger—or 
otherwise. I do believe, however, that it is a very valuable adjunct to 
the line from the standpoint of stability. I agree with Mr. Taylor that 
wooden flumes should be avoided wherever possible, and also that they 
are an endless source of trouble and worry. On the other hand, it 
must not be forgotten that the alternative is often a long and expensive 
rock tunnel, the cost of which, at the outset, might be prohibitive to the 
undertaking. I have been much interested by the contributions to the 
discussion on the subject of aluminium wire, and believe that we in 
California were the first to use it for power purposes some ten or 
twelve years ago. At the present time the Pacific Gas and Electric 
Company have about 13,009 tons of this wire in use, including some 
spans їп excess of 1,200 ft. Some of the earlier installations consisted 
of solid wire, but owing to the lack of experience in making the wire at 
the time, a somewhat uneven product resulted. The solid wire was 
replaced with stranded wire, as it was felt that a more uniform 
product could be obtained. Solid wire is not now used. The wire 
used upon this system varies from No. 4 В. and S. (41,740 circ. mils) 
to 471,000 circ. mils, but is cniefly of No. oooo B. and S. gauge 
(211,000 circ. mils). Screwed mechanical joints were used on the 
larger wires, and a flattened tube joint on the smaller ones. This tube 
joint differed somewhat from the McIntyre, which has two tubes ; it is, 
I believe, fully as effective, and is applied in the same manner. For 
some years these joints have been abandoned on all new work and 
repairs in favour of a splice joint, which was found to have many 
advantages in the field, and was often necessary for emergency work if 
splicing tongs and tube were not at hand. The joint I refer to is 
made by unstranding the cable and interlacing the ends, as for an 
ordinary rope splice. A strand is then taken and wrapped or served 
around the other strands and cable, followed by another and another 
until all the strands have been treated in the same way. The resulting 
joint is neat, strong, and of good conductivity. Furthermore, it does 
not call for any special tools, and any lineman can make a роой job. 
May I call Messrs. Matthews and Wilkinson’s attention to slight errors 
on page 582 of their paper. The line from the de Sabla plant of the 
Pacific Gas and Electric Company (formerly California Gas and Electric 
Corporation) is really about 170 miles to Oakland, but the distances of 
transmission are often in excess of 200 miles ; and while the capacity 
of that station is given correctly, the capacity of the system, of which it 
forms an integral part, is 67,000 k.w. The voltage of the system is 
60 kilovolts, the deSabla plant operating at a slightly higher voltage 
owing to it being more distant from the centre of distribution. 

Mr. M. ROSENBAUM (communicated): With regard to the use of 
wooden poles, trouble has been experienced in South Wales in a few 
instances, due to what may be termed the “inflammability” of the 
wood. The trouble has been due to the wires coming off the insu- 
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lators and falling on the cross-arms, burning them right through while 
still maintaining the continuity of supply ; these wooden cross-arms 
are now being replaced by channel iron. This trouble has also 
occurred at angle poles, in this case the pole being burned through. 
No trouble has been experienced as yet due to the deterioration of the 
poles, but in view of trouble due to weakening of the poles at the base, 
it is intended to strengthen them with reinforced concrete, With 
regard to the transmission line, does not the configuration of the wires, 
as given in Fig. 30 of Mr. Taylor's paper, result in unbalanced capacity 
and external magnetic field? Would the author tell us whether the 
wires are transposed along its length to neutralise these effects? As 
a result of using extra high voltages and the consequent ionisation 
of the air surrounding the wires, has there been any evidence of the 
formation of nitric acid on the conductors and consequent corrosion? 
Although the use of the ground wire certainly tends to safeguard the 
transmission system against atmospheric disturbances, yet I do not 
think its use is warranted in this country, since we do not experience 
such serious disturbances here as in America, while its use only adds 
to the cost to the system and is a source of danger due to the fact that 
it is liable to break and fall on the live conductors. Atmospheric dis- 
turbances are manifested in three different ways: First, direct stroke. 
I doubt whether the ground wire would be of any avail if this happens. 
Secondly, electrostatic induction. Here the ground wire when placed 
above the conductors acts as a shield to the system, and in order to be 
morc effective the ground wire should be of high conductivity and 
large cross-section. Thirdly, electromagnetic induction. Here, again, 
the ground wire safeguards the system, since the ground wire together 
with the earth acts as a short-circuited secondary, and thus the energy 
is dissipated in these closed circuits. An additional loss takes place 
in the line due to the electromagnetic action of the system on these 
closed circuits formed by the ground wire and earth along its length. 
To find out an approximate value of this loss the case of a transmission 
line has been taken transmitting 40,000 k.w. at 110,000 volts, the fre- 
quency being 6o. The configuration of conductors, as shown in Fig. 30 
of Mr. Taylor's paper, has been taken, and the length of line assumed 
at 200 miles. This loss came out to about до k.w. with the full-load 
current flowing in the line. This loss varies as the square of the current 
and the square of the frequency. Thus for low frequencies it becomes 
inappreciable, but with a frequency of 60 and with low-voltage systems 
and large currents this loss may become quite appreciable. 

The method of obtaining the regulation of the line as shown on 
page 541, although only approximate, yet gives sufficiently accurate 
results, and has the advantage of simplicity. The reactance factor (l,) 
should be tan ф, and not tang, x cos¢,. The expression, “ equivalent 
resistance per mile," is a peculiar term to use, and has no physical 
meaning. It would have been interesting if Mr. Taylor had given 
further particulars with regard to Table II., such as size of plant, length 
of line, voltage of transmission, etc. I do not know the facilities for 
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obtaining coal at these centres of distribution, but it seems to me that 
if coal is plentiful a district taking a large load from these companies 
could generate their own supply and save on the transaction. This 
has been found to be the case with certain collieries in this country, 
and in many instances they generate their own supply rather than 
obtain it from the power company serving their district. The charges 
as given in Table VII. do not scem to me to be theoretically correct, 
as although there is a reduction per kilowatt-hour for the gencrating 
plant for an increased consumption, the difference between A and B 
remains at o'5 of a penny. Thus there is no reduction so far as the 
transmission line is concerned. 

Mr. A. W. IsENTHAL (communicaled) : I am particularly interested 
in the remarks by Mr. Taylor on the question of lightning discharges, 
and am pleased to note that he, too, has come to the conclusion 
that the frequency of such discharges is to be reckoned in thousands 
or even millions of cycles per second. So many endeavours have 
been made to disprove this fact that it is quite refreshing to come 
across such an authoritative statement as this. Mr. Taylor says that 
if the inductance of a choking coil which is to check surges on 
transmission lines is of small value, a corresponding reflection might 
take place, allowing {һе surge to pass through the coil. But the 
object of the choke coil is really two-fold ; and in any case its self- 
induction for high-frequency current should be very high. I say 


advisedly “for high-frequency currents" because we cannot go 


beyond a certain value of inductance for ordinary alternating 
currents without having a considerable loss of energy. If it is 
placed in front of the lightning arrester, then it may serve to 
decrease the steepness of the incoming wave, but if placed behind 
the lightning arrester—which is the usual practice—it should reflect 
the whole surge back to the line, and, at any rate, prevent the surge 
from entering into the apparatus. The simplest way to obtain a 
choke coil which has a high inductance for high-frequency currents 
and a medium inductance for the ordinary line current is to utilise the 
well-known effect with high-frequency currents, obtained by using for 
the material of the choke coils a good quality of iron. Mr. Taylor 
limits his choice of lightning arresters for the transmission lines to the 
aluminium type, the multi-gap type, and the water-jet, which he 
discusses ; and [ am naturally sorry to see that the condenser has not 
been included in this array, for the reason that in an earlier part of the 
paper we are told that the lightning arrester is advantageous, when set 
correctly, for the protection of the apparatus from surges. 

I quite agree with Mr. Taylor, and the point cannot be insisted on 
too strongly, that, as he puts it, “ The effect on the line caused by a 
flash-over of the lightning arresters may cause a heavy disturbance on 
the whole system, since the reaction set up tends to increase the 
current on the line in proportion to the square of its original value." 
But this is due to the fact that the various lightning arresters which he 
mentions all possess a spark-gap, and such spark-gaps in conjunction 
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with the self-induction, the capacity to earth and the apparatus to be 
protected, constitutes an oscillation circuit in which high-frequency 
currents are set up; and the surge tension produced by tbe breaking 
of the arc is, of course, proportional to the square of the current. 
This is the reason why all such gaps require resistances in series with 
the earth wire, and constitutes also a severe limitation of thcir efficiency. 
We have, in fact, to choose between two evils, either we prevent such 
oscillations by damping them out with an ohmic resistance, in which 
case, as just stated, the discharge capacity of the arrester will be 
limited; or we have to forgo its safeguarding resistance, in which case 
high-frequency phenomena may supervene and we may develop a dead 
earth of the line if the line current flows across the ionised spark-gap. 
The necessity which Mr. Taylor emphasises, of setting the lightning 
arresters correctly, is naturally obviated when using condensers as 
lightning arresters, because there is no spark-gap with these. There is 
no damping resistance either, as the line current of low frequency 
caunot pass through the condensers (the capacity of which is always 
small) whilst the high-frequency disturbance, on account of its 
extremely high frequency, passes through the condenser to earth at an 
enormous rate, provided the self-induction in the condenser circuit 
be negligible. Finally, I should like to say that, in my opinion, 
power engineers do not differentiate sufficiently between the various 
forms of lightning troubles, and consequently some confusion and 
disappointment arise in connection with the selection of a suitable 
type of arrester. The water-jet can only justify its adoption when 
it is realised that there might be static charges on the linc. It is 
quite useless for the purpose of dealing with high-frequency pheno- 
mena or with pressure surges. On the other hand, the horn arrester 
is quite useless for the purpose of discharging static charges on 
the line, because it will only act when the static voltage has risen 
to several thousand volts. Again, no condenser would protect the 
generator or transformer or cable from surges due to internal causes, 
such as the breaking of a short-circuit, etc. 

Mr. CHRISTOPHER WADE (communicaled) : Mr. Taylors paper 
appears to deal principally with American systems where higher 
voltages, longer spans, etc., prevail, on account of more open country. 
For voltages so far used, and conditions in this country, where there 
are not very long clear runs, wooden poles have been, and are, success- 
fully used. Their strength has been amply demonstrated by tests we 
made a few years ago, also by Post Office tests, etc., and their 
durability, when properly creosoted, is shown by the number in use foc 
all purposes in this and other countries. I see Messrs. Matthews and 
Wilkinson say the average life of steel towers is 30 years. I do not 
doubt it, but then this is only attained by continual painting. They 
also say the average life of wooden poles is only 12 years. I pre- 
sume this refers to unpreserved poles (greatly used, I believe, in 
America). I consider the average life of properly treated wooden poles 
to be at least 25 to 30 years, and no doubt the English Post Office and 
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the National Telephone Company will bear me out in this. As to 
cost, I believe wooden poles are considerably cheaper than steel ones 
of equal size or strength, and of course the cost of overhead lines run 
on wooden poles is only a fraction of that of a similar underground 
line. А great many people raise objection to the use of creosoted 
wooden poles on account of the oil oozing out of same and their being 
dirty to handle. I might say that there is a new process of creosoting 
which is called the * Ruping” process and is a German invention, in 
which I am interested, and by this all surplus oil is extracted before 
the completion of the process and the poles left perfectly dry ; and 
this has already been tested for a number of ycars and is more efficient 
and satisfactory than the ordinary method. 

Mr. E. KILBURN Ѕсотт (communicated): I was interested to hear 
Mr. Trotter speak well of wooden poles, because it was my business to 
interview that gentleman officially about the transmission lines of the 
North Wales Power Company in 1902, and at that time I rather gathered 
that Mr. Trotter was favourable to high steel towers. In those days, even 
to talk about extra high tension lines overhead was like holding a red 
rag to a bull, and my position was the more delicate because some of our 
wooden poles had already been contracted for. I decided on the H 
poles, because they look better than A poles, and, if necessary, ninc 
wires can be carried on three cross-arms. Any one visiting Snowdon 
to-day can see what a good job such creosoted H poles make. Some 
have now been up about seven years, and although in very exposed 
situations, not a single pole shows signs of giving way. They are a 
little marked with the linesmen's climbing irons and somewhat piebald 
on the south-western side, due to the preservative being washed out. 
The H pole is about four times as strong as a single pole and is cheaper. 
Having a wide transverse base, it can be depended on to remain upright 
however much the transmission line is buffeted by hurricanes. Nothing 
looks so bad as poles leaning different ways ; the eye instinctively lines 
them up, and any deviation is as jarring as seeing a striped wall-paper 
out of plumb. The new Ruping process of creosoting poles which has 
been adopted by Mr. Wade, of Hull, should cheapen the cost of poles, 
because 4 Ibs. per cubic foot penetrates and preserves as well as the 12 
or 14 lbs. previously used. The timber is first placed under compressed 
air, and then creosote is injected at a higher pressure. When the 
pressure is taken off the compressed air drives out the surplus oil. 
Transmission problems in other parts of the world have an interest 
beyond the technical side in that climatic and zoological conditions 
have to be studied. For example, the air of coast towns of semi- 
tropical countries generally has great humidity at certain times of the 
year, and in some cases it may carry a good deal of salt. Оп the coast 
of Australia, for example, the humidity is sufficient seriously to affect 
the insulation of electrical apparatus, and in Sydney, salty deposits have 
regularly to be washed off the roofs of the tramcars to keep up thc 
insulation of the trolley pole. The inland parts of these same countries 
generally have a remarkably dry atmosphere, giving high insulation. 
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So much is this the case in Australia that it is quite a common thing to 
use the top fence wire for telephone circuits. At gates there is a con- 
nection which can be raised up for horsemen to pass under. ‘The worst 
trouble in some parts of the interior is the dust. A Broken Hill dust 
storm would, I think, try a transmission line quite as much as a Canadian 
blizzard. Speaking of snow reminds me that I ought to correct the 
popular impression that there are no snowstorms in Australia. I have 
seen snow lying over a foot deep in the Blue Mountains, only 7o miles 
west of Sydney, where a high-tension transmission is now going through 
to light towns on the Blue Mountain road. Also at the old mining town 
of Kiandra, about 200 miles south of Sydney, I have travelled about for 
a weck, on Norwegian ski, and the snowdrifts in some places were 10ft. 
deep. The proposed site of the new Federal capital is not far from there, 
and there may be a transmission line in the district some day. To show 
the peculiar conditions that one may mect with, I remember visiting 
Rotorua, in the North Island of New Zealand, some years ago; it isa 
Government tourist resort, and well lighted from a hydro-electric plant 
a few miles away. All the wires are overhead on stcel poles, for the 
very good reason that in some places the earth a few feet down is 
unpleasantly hot. When digging a post hole the man has to keep 
jumping out to cool his feet. Zoological troubles mostly take the form 
of white ants and monkeys. Given time, white ants will eat their way 
up the inside of a pole, along the cross-arm and up the wooden insu- 
lator pin ; in fact, some of the feats of these busy little borers read like 
fish stories. The only way for the untravelled, is to believe all or none, 
because the absolutely true stories sound quite as improbable as those 
which are invented. Creosote will not stop a white ant, and the only 
really effectual way is to use a metal pole or, at any rate, a composite 
pole iron at the bottom and a wood pole above. The inside of the 
iron base must have a layer of concrete, or they will build up an 
earth tunnel inside until they reach the wood. Ап ordinary spiked 
corona will stop a bare-skinned native but not a monkey, because he 
learns to make a back round it for the others to pass over. The only 
way to deter them from electrocuting themselves is to wind a barbed 
wire round the pole, securing each turn so that it does not slip down. 
Some time ago I had occasion to summarise particulars of an 
accident in California, when several miles of 60,000-volt line were 
thrown over by a hurricane. Huge steel towers were blown right 
over. The accident was partly due to poor foundations, but it could 
not have happened if there had been considerably less surface for wind 
pressure. The point is, how to reduce that surface. I believe that the 
steel tower method of carrying high-tension lines is faulty. The tower 
is an outcome of the pole, and both were necessary when each wire 
was carried by a pin insulator underneath. Now, however, the usual 
plan is to suspend cach wire from a number of link insulators, so the 
necessity for an under support has gone. A much better job would be 
attained by having two poles and span wire as shown in Fig. А. А 
shows the insulators suspended from the span wire in much the same 
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way as they аге now suspended from steel towers. В shows some of 
the insulators forming part of the span wire, and this has the advantage 
of reducing the sideway swing. It will also be noted that the wires are 
raised higher from the ground and that they are disposed in triangular 
fashion. C shows a design for an iron base with the material arranged 
to most efficiently resist the stresses due to the span wire. A method 
is also suggested for easily raising the wooden pole into place. Such an 
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iron socket would be necessary where white ants are feared, but in most 
cases the wooden pole would be set directly in concrete as shown at D. 
The telephonc wires would, of course, be carried on the outside of the 
pole as at E, and the earth wires at F. The craze for steel lattice towers 
has, I think, gone far enough. According to the drawings given in the 
paper, a tower 5o ft. high to the lowest insulator covers a space about 
17 ft. square, and the transmission wires are, say, 6 ft. apart. Now, ifa 
span-wire construction such as I suggest is employed with steel poles, 
they would have to be 6 x 4224 ft. apart. That is to say, only 7 ft. 
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more than the stcel tower one way. The under gear of the span- 
wire construction would therefore cover much less ground. But, 
as a matter of fact, wooden poles alone or wooden poles in iron 
sockets could be used, in which case the poles might be, say, only 
(4 X 2)+(6 x 2)=20 ft. apart. The great objection to wooden poles 
is that they. may rot at the butt or be attacked by insects These 
troubles are entirely prevented by having iron sockets, and at the same 
time a shorter and therefore much cheaper pole will do ; or, for a given 
length of pole, the transmission wires are higher. The right of way for 
a transmission line such as I suggest would not cost any more than for 
steel lattice towers ; indeed, farmers are more likely to look with favour 
on occasional poles about 9 in. diameter than on steel towers covcring 
17 ft. square. The iron sockets would make convenient and cffective 
rubbing posts for his cattle if nothing else. Writing of farmers suggests 
the query as to whether these high-tension lines have any effect on the 
vegetation underneath and toleeward. Thedirect-current transmissions 
on the Thury system ought to have considerable effect (probably of a 
droughty nature) if Professor О. Lodge's and Mr. Newman's experi- 
ments at Bitton are any criterion. In conclusion, I would like to 
protest against the pessimistic insular tone of some of the spceches. 
Because this country is small and the coal beds widely distributed, 
some engineers bewail the lack of the opportunity to run transmission 
lines for hundreds of miles at 60,000 or 100,000 volts. They seem to 
overlook the wide spaces of the Empire, and if they speak of India, 
Australasia, South Africa (or even Canada) at all, it is as if those places 
were foreign countries. Surely a more sensible attitude would be to 
speak of them as one speaks of Yorkshire, Fifeshire, or Donegal. The 
business opportunities of all parts of the Empire should be as carefully 
nursed as if they were hundreds instead of thousands of miles away. . 
Canada is a little too near the United States for clectrical engineers in 
this country to expect much business, but in South Africa, India, Burmah, 
Straits Settlements, and Australasia there is much to be done if it is 
followed up. Even drought-stricken Australia has some quite respect- 
able hydro-electric plants at Launceston and Hill Grove. The Waipori 
Falls transmission that supplies the lighting and tramways of the City of 
Dunedin through a 30,000-volt transmission is a fine installation, and 
New Zealand is about to put in hand some big developments. 

Mr. JOHN К. GALL (communicated) : With reference to some remarks 
in the course of the discussion, that jointing sleeves were not satis- 
factory for telegraphic and telephonic purposes, I should like to point 
out that the National Telephone Company made a careful investigation 
some six years ago as to the suitability of this type of joint for telephone 
work. With regard to the mechanical efficiency the tests showed the com- 
parative strengths of the jointed wires and similar unjointed wires as 
shown in table opposite. 

Although, as will be seen from the accompanying table, the strength 
of a copper wire jointed with slecves is less than the same wire with 
soldered joints, it is found in practice to be satisfactorv, as it is 
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considerably above the yield-point, which does not exceed 65 per 
cent. of the breaking load of the wire. As to the electrical 
efficiency, a span of 40 yards of 4o-lb. bronze wire, containing 
50 copper sleeve joints in series, was erected on the roof of 
Telephone House, Victoria Embankment, London, in January, 1906 ; 
the conductivity of this span was found to be quite equal to that of a 
similar length of unjointed wire, and remains so at the present time, 
and no variation in the continuity has ever been detected. In addition, 
a practical trial on a large scale was made in several districts under 
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| Description of | Strength of Wire | Strength of Wire. with | Strength of Wire with 


Wire. Unjointed. Soldered Joint. Copper Sleeve Joint. 
40-1Ь. bronze 100 go 92 
100-Ib. copper IOO 97 83 
150-lb. copper 100 93 80 


varying climatic conditions, and extending over several years. These 
trials proved the sleeve joints to be efficient, both mechanically and 
electrically. As a result of this investigation the sleeve method of 
jointing wire was adopted generally by the National Telephone Com- 
pany, and there are at the present time several millions of these joints 
working entirely satisfactorily in its system. I might add that copper 
jointing sleeves are used almost exclusively by the principal telephone 
undertakings in the United States, the Continent, and the British 
Colonies. 

Mr. К. С. Isaacs (communicated) : On page 512 the author states that 
a further increase in voltage is limited by the corona effect. When 
this increase becomes necessary, could not the limit be raised by the 
adoption of a stranded conductor with a hemp core? The objection 
to this would of course be the increased wind and snow load, but I 
should think that this would be more than counter-balanced by the 
saving of copper due to the higher voltage, the considerable reduction 
in the “skin effect" and in the inductance. As regards the wiring lay- 
out for these extra high-tension systems, is it not necessary to have a 
choke coil and arrester between the automatic switch and the trans- 
former? Otherwise the former will be unprotected against a surge 
due to the opening of the switch. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION, 
JANUARY 30, IQII. 


Mr. C. VERNIER : Both the papers before us for discussion deal with 
a class of work of which we have no examples in this country. I refer 
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to the transmission of electrical energy in bulk from one district to 
another which may be situated from тоо to 250 miles away. The 
papers have, therefore, to be considered with these conditions in mind, 
as the methods described, such as the use of suspension insulators and 
steel towers, have been found necessary chiefly on account of the 
extremely high voltages adopted, that is, from 60,000 to 100,000 volts, 
whereas the necessity for voltages exceeding 20,000 volts has not, so far, 
arisen in this country. One scheme on these lines for transmitting 
electrical power from the coalfields in the Midlands to the Metropolis 
has been projected, but has not come to a head, and it is doubtful if such 
schemes will be found necessary for many years to come, in view of the 
special conditions existing in this country. These conditions are essen- 
tially different to those existing in America, where great waterfalls are 
situated at remote distances from the centres of population, but no doubt 
even there, in the course of time, manufactures will tend to centre 
round the sources of power, a procedure already in progress at 
Niagara. Perhaps before we reach that happy state of things fore- 
shadowed by our President, Mr. Ferranti, in his Presidential Address 
last year, when electricity will be obtainable for all purposes at about 
roth of a penny per unit, the great towns and centres of manufacture 
will be linked up by ring mains of enormous capacity, fed from gigantic 
power-stations situated on all the big coalfields, but this day is not yet. 
Turning now to Mr. Taylor's paper, on the first page of which he 
mentions some of the advantages of direct-current transmission, 1 
believe the only examples of such work are to be found in Switzerland 
and France. The system has been developed by M. Thury, who has 
in an admirable manner surmounted the many difficulties inseparable 
from the construction of direct-current machinery for generating 
up to voltages of 57,000 volts. As there may be some present who 
are not familiar with that system of transmission I might briefly out- 
line its chief features. The line current is fixed and remains constant 
at all times, all variations of load being dealt with by raising or lower- 
ing the generator voltage. All the generators and motors are series- 
wound machines. To start up a generator the dynamo is run up 
independently on short circuit until its current equals that of the line, 
after which it is cut into the line. The variations of load are dealt with 
by an automatic regulator, which raises or lowers the speed of the gene- 
rators and so increases or reduces the line pressure, Motors are started 
up by being switched on to the line with their brushes in a position at 
right angles to the normal working position, and these brushes are 
immediately brought forward by an automatic gear until the motor 
attains its proper speed. The line may be earthed on either pole or at 
the middle point, so that the line voltage is distributed partly above and 
partly below earth. A breakdown of a motor is not serious, as, if 
one becomes short-circuited without an earth, the line current simply 
passes through it, the generators lowering their voltage automatically 
until eventually the sbort-circuited motor absorbs only sufficient volts 
to overcome its ohmic resistance. If broken down to earth, the main 
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line earth can be immediately changed over to the same pole as the 
broken-down motor is on, if the earth is not already on that side, or the 
line freed from carth by the blowing of a fuse in the earth circuit. 
The motors can have their mechanical power applied direct to 
machinery or can be utilised for driving generators, which may be 
either direct-current or alternating. The advantages on the line itself 
are that only two conductors are required as against three for a 3-phase 
system, and in some cases it is even suggested that only one is required 
if an earth return be used. The number of insulators is consequently 
reduced by either 30 or 60 per cent., and they need only be constructed 
to withstand the working voltage used on the line, and not ,/2 times 
as for alternating current. The power factor is fixed absolutely at 
unity, and not, as is usual, varying down to anything between 8o and 
85 per cent. as in alternating-current transmission. Another advantage 
is that there is no charging current on the line and there can be no 
resonance under working conditions. In this connection it is interest- 
ing to note page 540 of Mr. Taylor's paper, on which he mentions a 
100,000-volt line estimated to have an ultimate charging current of 20,000 
k.v.a. Theimportance of the lastthree points must be emphasised as being 
strongly in favour of direct-current long-distance transmission. The 
most recent example I know of is the Moutiers-Lyons transmission in 
France, by which 4,320 k.w. are transmitted a distance of r12 miles 
with a line voltage varying up to 57,600 volts, the line current being 
fixed at 75 amperes. This scheme has now been in operation for the 
past five years. Turning to the question of steel towers versus wooden 
poles discussed on page 527 of Mr. Taylor's paper and page 567 of Messrs 
Matthews and Wilkinson's paper, all the authors seem to be unanimous 
regarding the advantages of steel towers, and for lines with voltages 
over 40,000 volts I do not think any one would be inclined to dis- 
agree with them. Both the papers give the average life of wooden 
poles as 12 years (see page 530 of Mr. Taylor's paper and page 567 of 
Messrs. Matthews and Wilkinson's), and as far as this country is con- 
cerned I cannot agree with them, for the life of Norwegian pine 
creosoted poles in this country in a large number of cases ex- 
ceeded 20 years, so that a fair average would be more like 17 to 18 
years.* 

The figures given in the paper are probably based on American 
practice, where the timber used is chiefly cedar, chestnut, northern 
pine, and cypress, and where poles are generally used without any 
preservative treatment whatever, except for a coat of paint before and 
after erection. I am giving below some figures showing my ideas on 
the comparative cost of steel towers and wood poles for lines of 
20,000 volts working pressure under local conditions, and as these 
figures were based on several assumptions I am inviting criticism with 
a view to arriving possibly at some more accurate comparison. 


* Electrical Review, vol. 59, p. 343. 1906— statistics over 52 years and 3.000 ооо 
poles. 
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STEEL TOWERS versus Woop POLES. 


Line voltage, 20,000 volts. 

Towers, 720 ft. 

Wood poles, 240 ft. 

Assumed life of towers, 36 years (see page 529 of Mr. Taylor’s 
paper). 

Assumed life of original galvanising, 9 years. 

Assumed life of wood poles, 18 years. 


Line spans | 


Cost with Steel Towcrs— Cost with Wood Polcs— 
f£ s.d. 
Tower ... is T да 12 3-40 А poles | 18 0 0 
Erection ee " i. including erection ... 
Painting after 9 years once Painting — .. | .. — 
every 3 years — 9 бз) 9 Renewal of 3 poles onec | 
at KI... Ба s " at £4 тоз. each, in-* I3 10 0 
Wayleave charges, 36 years} 26 cluding labour d 
at £1 per annum ... y Wayleave charges, 3 
poles at 6s. per an-: 32 80 
num each = 18s. per 
annum for 36 years ... 
62 63 18 о 


Turning to the consideration of line insulators, Messrs. Matthews 
and Wilkinson, on page 570, and Mr. Taylor, on page 534 of his paper, 
pointed out the great advance in the use of higher voltages which had 
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been rendered possible by the use of suspension-type insulators. For 
voltages above about 40,000 volts one is compelled to use these suspen- 
sion insulators. They are convenient as they can be adapted for all 
voltages by simply increasing the number of discs in series, and as any 
one disc withstands a very high voltage, the factor of safety on the 
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lower voltage lines can be considerably increased without much extra imm 
expense. I do not think, however, that there is any need to use them | 
for anything below 30,000 volts in this country. I agree with Mr. 
Taylor that climatic conditions are a considerable factor in the design 

and satisfactory operation of an insulator. I might instance that the 
insulators originally used for 6,000 volts in my district (Fig. B), and for 

20,000 volts (Fig. C), had recently been increased 
owing to the small factor of safety against arcing- 
over in wet windy weather, a danger which had been 
recently discovered as the result of tests on an actual 
line. These insulators had therefore been increased 
in size to Fig. C for 6,000 volts, and Fig. D for 20,000 
volts. I might further point out that the insulators 
Fig. C and Fig. D are rated in Germany for 33,000 
volts and 39,000 volts working pressure respectively. 
It has been found necessary also to give up entirely 
the use of the shackle type of insulator, which only 
has about half the factor of safety of a similar size 
of straight-line insulator. Straight-line insulators are 
now always used for terminating with a special 
heavy pin, as illustrated in Fig. D. "The heaviest 
lines hitherto terminated in this way are o'15 sq. in. 
sectional area, and the stress on the insulator about 
I ton. All theauthors appear to recommend the use 
of an “earth” wire, but I am not very sure as to 
its efficiency. There is a great difference of opinion 
among transmission engineers as to the necessity for 
this earth wire, some believing in it, while others 
state that it is probably of some use, and others again 
that it is nothing but a nuisance. I have never Fic. D. 
seen the action of this “earth” wire discussed on 

this side of the Atlantic, and therefore put forward the following 
explanation. 

Consider first a transmission line without an earth wire. If a cloud 
builds up with a positive charge above the line a negative charge will 
be induced on the line wires, the positive charge set free tending to 
pass to earth. If a delta-connected system is under consideration, this 
positive charge can only pass to earth over or through the insulation, 
whereas with a star-connected system earthed at the neutral point this 
charge can pass away to earth at this neutral point, provided the potential 
induced by the cloud does not build up too rapidly. If it should do so, 
then with either system there is a possibility of the insulation being 
punctured. When the cloud discharges instantaneously by a lightning 
flash there is an immediate readjustment of electrostatic potential to 
zero, which, as the discharge of the cloud is sudden, will be equally 
sudden and will probably spark over or through the insulation at the 
end turns of the windings of the transformers or other apparatus, due 
to the great self-induction they offer to a sudden discharge. Now 
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Mr. consider the case of an earth wire suspended above the live wire. This 
Venen earth wire will also have a negative charge induced upon it by the 
cloud, the positive charge set free passing away rapidly to earth, but 
the negative charge on this earth wire will to some extent counter- 
balance the induced negative charge on lines from the cloud, so that 
the induced potential on the line wires is less than it otherwise could 
be. The ideal condition would be a screen of metal connected to earth 
surrounding the line wires, and the reason why two or three earth wires 
are more effective than one appears to be that this condition is more 
nearly approached than with one wire. The question is not nearly so 
simple, however, as here suggested, as this does not take into account 
the oscillatory character of the various discharges. It is important to 
have the “earth” wire thoroughly well earthed, as otherwise its useful- 
ness in this matter is greatly impaired. An arrangement for earthing 
this wire used some years ago by the A.E.G. Company consisted in the 
use alternately along the line of earth stakes and spiders formed out of 
copper wire radiating about то ft. out from a central point to which the 
earth wire is connected, the various small wires and points and the 
large surface of these spiders tending to facilitate the static discharge 
of the earth wire, while the earth stakes take care of thc heavier 
currents. I should like to call attention to the danger of working on 
overhead lines in certain conditions of weather if the line is dead and 
the switches are open at each end, thus disconnecting the line from the 
earth of the system. I have known several cases of shocks to workmen 
under such conditions. Coming to the question of resonance and 
surges, the former occasionallv proves troublesome on very long lines, 
and this factor may be found to limit the distance of transmission bv 
alternating current. There are some closely approximate rules in 
connection with this matter to which I might refer, as thev are easily 
remembered and may be new to some members. Calling the capacity 
of the line K and the self-induction L, K multiplied by L is a constant 
irrespective of the diameter of the wires or of their spacing (г.е., 
increasing the spacing increases L and decreases K in the same ratio). 
The natural frequency f—i.e., the frequency at which a single-phase 
line will resonate—is equal to the velocity of light over four times the 
length of the line in miles;* thus a line 400 miles long would have a 
natural frequency f= 186,000/4 x 400 = 116 approximately, and a linc 
of this length would tend to resonate to third harmonics with a fre- 
quency of 40. Fortunately, however, the voltage which would doubtless 
be employed on a 400- mile transmission would be so high that the corona 
discharge would probably relieve the line of any tendency to surge. 
I notice in the list of typical transmission systems given in Messrs. 
Mathews and Wilkinson's paper (page 17) that a good many svstems 
are now operating at 25 frequency, and I think that probably it will be 
found that the adoption of this low frequency was on this account. 
Surges are liable to occur in switching out overhead lines if any form 
of circuit breaker is used which is liable to set up an arc, but vith 
* Fournal of the Institution of Electrical Engineers, vol. 48, p. 521, 1908. 
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oil switches, which have the property of opening the circuit at or near 
zero potential, these are not likely to occur. With any form of air-break 
switch or an arcing short-circuit, however, surges are liable to prove 
serious. Fortheinstantaneous stoppage of a short circuit the Merz-Price 
system of protection is useful, in that the switches are operated and the 
circuit is broken under oil before the arc ceases. Surge voltages are 
approximately independent of length of line, and an easily remembered 
rule, given by Professor Baum,* is that they cannot exceed 200 times 
the maximum value of C, where C equals the number of amperes 
broken. This maximum surge voltage = 200 x cx 4/2. This has to 


be added to the ordinary maximum line voltage „/2 Е (E being R.M.S. 
volts between line and neutral) For instantaneous interruption the 
total maximum voltage = 4/2 (E + 200 C), but is diminished by slow- 
ness of interruption or if the current is broken at some other part of 
the wave than the peak. It may be of interest to show how this works 
out in the case of two lines—one a 20,000-volt line and the other a 
6,000-volt line—assuming the same current to be broken in each case, 
viz., 5o amperes. In the former case the maximum stress— 


1*4 (20,000/ 4/3 + 200 x 50) 
I'4 (11,600 4- 10,000) — 30,240 volts. 


In the case of the 6,000-volt line the figures are :— 


1'4(6,000/ 4/3 + 200 X 50) 
1:4 (3,500 + 10,000) = 18,900 volts. 


From this it is seen that the maximum voltage in the case of the 
surge on the 20,000-volt line can reach a value of nearly twice the 
maximum value of the working voltage to earth, whereas on the 6,000- 
volt line the maximum voltage under similar circumstances might reach 
a value nearly four times the working voltage. It is thus clear that the 
lower voltage lines are more liable to give trouble in that their factor of 
safety is less and the currents broken are usually heavier. Then again the 
surge frequency on long lines may not bc very far from the frequency 
of supply, and this may cause resonance. The formule given іп the 
paper on pages 513 and 540 will, I think, prove useful in ensuring that the 
section of copper used is large enough, but, like most problems of this 
sort, the section of copper is generally worked out from formule to 
three places of decimals, then the result is increased from 50 to 100 
per cent. for future developments, the nearest standard size of wire to 
the result thus obtained being finally adopted. I agree with Messrs. 
Mathews and Wilkinson—page 574, paragraph (g)—regarding the stan- 
dardising of a minimum size of wire on account of trouble experienced 
due to the formation of ice. The companies with which I am connected 
have standardised о`о5 sq. in. copper as the minimum size for their lines 
on this account. I must say, however, that I entirely disagree with the 


* Transactions of the International Electrical Congress, St. Louis, 1904, vol. 2, p. 243. 
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statement in the same paragraph, so often met with, that wires will 
swing synchronously in any wind. I admit that they may appear to do 
so, but would suggest that those who wished to be satisfied on the point 
should erect a line with long spans and too small a spacing and await 
results, especially if aluminium wire be used. 

Mr. B. WELBOURN : Referring to Fig. 1 in Mr. Taylors paper, the 
suspension type of insulator involves quite a departure from English 
practice, and I am interested toknow whether the unsymmetrical arrange- 
ment of the conductors has any influence on the capacity or charging 
current of the line. Although longitudinal ground wires placed above the 
line seem to be considered essential by the authors, I notice that they 
have been omitted from the line illustrated in Fig. 3. There appears to 
be no unanimity in American practice on this point, and in many of the 
recently erected lines ground wires have been left out altogether. 1 
cannot see the force of using grounded earth wires above the line wires as 
a protection against lightning, and it appears to me to be bad practice 
to erect iron wire, which in time is bound to corrode and consequently 
fall and probably short-circuit the working conductors. I have dis- 
cussed this question with many engineers on the other side of the 
water, and it seems to be generally agreed that the best practice is to 
run a galvanised iron wire below the conductor and to use it simply for 
grounding all metal work on the poles. The flexible type of tower is 
not new. I know of a line which has been put up in the Midlands; the 
results have been negative in sofar as no trouble whatever has occurred. 
In Fig. 4the formula given is wrong, as the lowest figure 3 is superfluous. 
Turning to Fig. 8, there is a practical point in connection with tying-in 
wires in lines liable to flash ; in these cases binding wires should be 
taken some considerable distance along the line and so confine any arcing 
to easily renewable parts. In Fig. 9, in the G.E.C. type of suspension, 
even if one of the porcelains breaks, the line will not fall, as the metal 
parts form a chain. With regard to Fig. 13, I presume that the tests 
were made with alternating current, and should be glad to know the 
relative corona losses at high voltages with alternating and direct 
current. The value of the curve would have been enhanced as a 
practical record had the frequency been given. Fig. 14 would 
unfortunately not meet with the approval of the railway companies 
in this country. 

Mr. A. L. E. DRUMMOND: The life of creosoted poles should be 
40 years at least, and sleepers have been known to be perfectly sound 
after being 60 years in the ground. 

Mr. J. M. RoBB: My experience is that good creosoted poles mav 
last for 30 years, but the average life is 25 to 30 years. Unfortunately, 
in telephone and telegraph work the necessity for altering or replacing 
poles from one cause or another tends to reduce the average life still 
further. "There is also a further point which might be found hereafter 
to have an influence on the question. I understand therc is an increas- 
ing difficulty in obtaining supplies of Norwegian poles, and that the 
Russian variety is to some extent being used. During the great snow- 
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storm last winter several poles carrying 40 wires broke under the heavy 
stress, and the impression I gathered was not so favourable to the 
Russian poles as to the older and apparently tougher Norwegian. In 
two cases the former appeared to be softer. With regard to the 
question of light gauge wires, I might say that this district was one 
of the first in this country to use copper wire for telegraph and 
telephone purposes, the wire then used being largely No. 14 gauge, 
weighing roo lbs. per mile. This gauge, however, did not stand 
well against snowstorms, and for that and other reasons advantage 
was taken of the repairs to substitute a heavier wire in its place on 
the main lines. 

Mr. J. PiGG: I am also of opinion that poles should at least last 
over 30 years. 

Mr. S. G. REDMAN: I should like to refer to the figure which has 
been suggested as giving the comparative costs of steel and wooden 
pole line construction. The papers dealt almost exclusively with the 
steel poles, and probably for the lines referred to these were the right 
thing. Nevertheless I am a firm believer in the use of wooden poles 
for transmission work in this country generally, and agree with the 
speakers who have criticised the assumption that steel poles have a life 
of 35 years. I might instance, as a case of the life of steel work, the 
steel chimneys of the Dublin United Tramway Company, which were 
erected about 1898, and through the walls of which, due to corrosion, 
it was possible to push an ordinary penknife at the end of ten years. 
These stacks have since been reinforced by ferro-concrete, and when 
put to work again, the expansion of the concrete has caused sections 
of the steel chimney to part company, so that the ferro-concrete con- 
struction is now being largely relied upon for the strength of the 
chimneys. With regard to the price of steel poles, £12 might be a 
fair figure for flexible poles suitable for straight-line work, but in this 
country, owing to wayleave difficulties, a large proportion of the poles 
are at corners, for which the flexible type of pole is not suitable. 
The number of steel corner poles would increase the cost of the work 
considerably. Wooden poles would, in my opinion, last 50 per cent. 
longer than Mr. Vernier has suggested, and I think that the case for 
them in this country is a strong one. With regard to the limitation of 
wooden poles, experience in the Newcastle area showed that with three 
conductors each o'15 sq. in. in section, and with a pole spacing of 80 
to roo yards, the maximum permissible load on the poles was being 
approached unless excessive guying was resorted to. Unless, there- 
fore, the present pressure of 20,000 volts is increased, the heavier 
conductors eventually required might result in the use of steel towers. 
Referring to the types of link insulators referred to in the papers, 
the G.E.C. design has the objection that the upper groove in the 
insulators forms a pocket in which water can collect during frost, and 
this results in cracking of the porcelain. It might happen that a 
group of insulators might fail in this way, and the insulators being 
tied together by the interlinked ironwork, it would be impossible 
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to sce the fault from the ground. The problem had been put before 
English porcelain makers and they had re-designed the type with the 
upper groove so arranged that it would offer no lodgment to water. 
These insulators, under mechanical test, failed at r4 tons, which 
suggests that the fastenings generally adopted are weaker than the 
insulators. Mr. Welbourn has mentioned the possible differences in 
capacity and charging current with the vertical arrangement of con- 
ductors. This feature has been considered, and for the lines in this 
district, at any rate, the departure from the triangular formation was 
found to be negligible. 

Mr. P. V. HUNTER: If the power supply companies in this district 
used as complicated schemes of connections as those shown in the 
paper, the diagrams on the control room walls would overflow on to 
the ceiling and the floor. The outstanding feature is the multiplicity 
of busbars, relays, isolating switches, etc., whereas in this district 
every attempt is made to reduce this apparatus to a minimum. In 
general each piece of apparatus has two automatic switches, but in 
the diagram there are, on the average, three or more and a larger 
proportion of isolating links. Mr. Welbourn has criticised the diagram 
showing the layout of a system, and it is certainly remarkable that in 
dealing with such large loads a large power company can treat their 
connections to their customers in the way shown in diagrams 11 and 
I2, in which there are no less than g tees with no serious effort to- 
wards automatic protection. I presume that the method of operation 
is to switch on to the other line as soon as trouble occurs on the 
working line, special arrangements being made for switching over. 
Such an arrangement requires a large, capable, and cnergetic staft 
of emergency switchmen and repairs engineers. In the North-East 
Coast district the whole development is on entirely different lines 
and every attempt is made to isolate faults automatically and carry 
out repairs in a routine manner, thus eliminating the personal ele- 
ment in the maintenance of supply. Mr. Welbourn commented on 
the fact that there was no balanced protective gear shown in the 
paper, but on diagram 6 there is a suggestion of the balanced pro- 
tective system on the transformer automatic gear. I regret that 
the papers contain no wiring drawing of one of the sub-stations, as. 
judging from the diagrams, this would be extremely complicated. 

Mr. J. A. ANDERSON : In regard to the network diagrams in Figs. 
II and 12, if any protective gear is used at all other than Merz-Price, а 
large proportion of the copper must beout of commission when running 
under normal conditions. On such a system, one could imagine that 
many of the relays would be “ tied down." Under normal conditions, 
conductors of the same length and equally taut will swing synchron- 
ously, but during a snowstorm it has been found in practice that one 
wire may get more heavily coated than another, with the result that 
the wires may get blown against one another. In regard to tbe 
question of transmitting electrical energy from a coalfield to a large 
industrial area such as London, the commercial success of such an 
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undertaking would depend altogether on the load factor. А line 
roo miles long to carry a load of 10,000 k.w. at 125,000 volts would 
approximately cost £800 per mile = £80,000. Allowing 124 per cent. 
for interest, depreciation and repairs, the annual cost would be 
£10,000. Assuming a 40 per cent. load factor the number of units 
per annum would be 35 million. The cost per unit would be about 
oo69d. ‘Taking the cost of carrying coal at 3s. 6d. per ton for 
the 100 miles and assuming a ton of coal can produce 700 units, the 
cost per unit is only o'o6d. 

Mr. К. ROBINSON : In certain cases I have used hard rubber instead 
of porcelain with good results, but the rubber has disadvantages, one 
being that it snaps easily. 

Mr. С. L. PORTER: At present the Merz-Price system is limited 
to comparatively short lines, and the protection of some of the 
American lines extending for 100 miles would require a very special 
pilot cable, as the capacity current in the pilot of a 100-mile line would 
be a very serious problem. 

Mr. A. Н. Law : With the flexible type of suspension a local gust of 
wind might start a swing which would be transmitted to other parts 
of the system where different conditions obtained, and consequently 
the wires would not be swinging in synchronism. 


Mr. A. L. E. DRUMMOND: That is so; I have seen both the poles Mr 


and the wires swinging. 

Mr. W. К. Morton : With reference to the question of protection 
against lightning, I do not think any mention has been made of a method 
of protection adopted by the Niagara, Lockport, and Ontario Power 
Company on their 60,000-volt transmission lines, and described by 
Mr. L. C. Nicholson.* Mr. Nicholson points out that the power arc 
following a flash-over is often the cause of the damage done to 
insulators. The device in question consists “of two metal rings 
concentric with the insulator, a lower one which is situated. near the 
base being considerably larger in diameter than the insulator parts, 
and supported by three earthed metal strips attached to the pin ; and 
an upper one somewhat larger than the neck of the insulator, just 
opposite the tie wire, suspended from the transmission cable and 
electrically connected with it" A glance at Fig. ir of Messrs. 
Matthews and Wilkinson's paper will show that the flash-over takes 
place from the line wire to the pin at the base of the insulator. A 
power are following a flash-over takes the same course, and the 
insulator is ruptured by the heat. This is by no means a natural path 
for an arc, and the two rings fitted by Mr. Nicholson serve the purpose 
of transferring the arc from the pin. They are far enough away from 
the surface of the porcelain to obviate the damaging of the insulator 
by the heat of the arc. The top ring takes the place of the line wire 
at one end of the arc and the burning of the tie wire is consequently 
obviated. It was found that, on a flash-over taking place, the arc 
instantly transferred to the two rings. Figures are given showing the 

* Proceedings of the American Institute of Electrical Engineers, vol. 29, p. 241, 1910. 
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Mr. Morton. result of fitting these rings. In 1907, 59 insulators were disabled ; in 
1908, 139; in 1909 the rings were fitted and only one insulator was 
disabled. With reference to Mr. Welbourn’s remarks on the use of 
aluminium, a consideration of the conditions of stress existing in 
a stretched wire will show that aluminium is only safe under 
certain conditions, A set of curves was recently worked out with 
the object of obtaining a reliable comparison between aluminium 
and copper of equal section, as they could be erected on the 
North-East Coast, i.e. with 240 ft. spans; a r/o wire 008245 
sq. in. was selected. The worst conditions were assumed to be 
reached with a temperature of 22° F., a wind pressure of 17 Ibs 
per square foot, and a coating of ice equal in thickness to the radius 
of the wire. A safety factor of 2 was allowed. The ascertaining 
of the correct relation of stress and length of wire was done by plotting 
two curves. Any stress applied to a wire will elongate it according to 
the modulus of elasticity, and the relation between length and stress at 
any given temperature will be a straight line with a positive slope, i£., 
the length will increase with the stress. A stretched wire suspended 
between two fixed points follows closely the parabolic curve depending 
on span length and weight, which curve has a negative slope, i.e., the 
length decreases as the tension increases. We are thus able to get two 
intersecting curves relating to {һе same wire, and the point of inter- 
section being the only point (and therefore the only tension and 
length) that applies to the wire under both conditions, viz., both 
stressed and suspended, we are able to determine the tension and dip 
of a suspended wire at any given span-length and temperature. Curves 
were plotted for both aluminium and copper as mentioned. It was 
found that at the average summer temperature of 62° F. the dip 
required for the copper line was 1'40 ft. and the tension requisite 
to get this dip 1,630 lbs. For the same temperature the dip required 
for aluminium was 4'2 ft. and a tension of no more than 165 lbs., so 
that although aluminium has approximately half the tensile strength of 
copper, it must only be pulled up to about one-ninth the stress to get the 
same ultimate safety factor. This involves a larger dip and therefore a 
longer pole and longer cross-arms. This result is due to the relatively 
small proportion of the effective weight on the wire under worst 
conditions, which is due to the weight of the wire itself and to the 
low modulus of elasticity of aluminium. As the size of the wire 
increases, the portion of the effective weight due to ice and wind 
pressure decreases, because wind and ice pressure increase with the 
diameter, whereas the weight of the wire increases as the square of the 
diameter. Consequently the advantage which copper has on account 
of its high specific gravity decreases in larger sizes. By making a 
number of trial curves it was found that the smallest size that would 
appear to be worth while erecting aluminium for is that equivalent in 
conductivity to a o'1 sq. in. copper, and that the longest span used should 
not exceed 45 yards. In view of the cost of the extra poles required and 
the increasing cost of wayleaves, the economical use of aluminium 
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appears to be limited to the transmission of large amounts of power over 
short distances. Another point to be remembered is the superior value 
of scrap copper as compared with that of aluminium. 


DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION, 
JANUARY 31, IQII. 


Mr. J. S. Peck: Mr. Taylor's paper seems to me to be of special 
interest іп that it gives us a general idea of the magnitude of the problems 
involved in long-distance transmission. He treats of everything in a 
general way, from the design of towers and insulators to the cost and 
selling price of electricity. I do not agree altogether with some of the 
statements in the earlier part of the paper. I think he is a little confused 
in his ideas of capacity and inductive effects. Mr. Matthews' paper 
goes more into details regarding the construction of insulators and 
towers, and is an extremely valuable contribution. There are many 
points of interest in these papers. Some of them have been thoroughly 
discussed before the American Institute of Electrical Engineers 
and practically settled, while others are still being discussed by 
engineers who are interested in this subject. Mr. Taylor recommends 
split conductors. Now, with this arrangement it is necessary to 
transpose the wires carefully, otherwise the distribution of current 
between them may be very unequal, due to what may be termed 
skin effect. One of the sources of trouble in connection with trans- 
mission systems of 30,000 to 40,000 volts was that large birds got 
across the wires and caused short circuits. I notice in neither of the 
papers is this trouble mentioned, presumably due to the fact that at 
these very high voltages the spacing of the wires is too great for birds 
to span. 

Mr. W. CRAMP: Like most engineers in this country, I have had 
little experience of high-tension transmission, and therefore while I am 
grateful to the authors for giving us the information contained in the 
papers. I am unable to offer any useful criticism. I should, how- 
ever, like further explanation of some of the points they have raised. 
The papers are more or less complementary in the ground they 
cover. For instance, in one there is a most extraordinary statement 
concerning capacity and resistance which I puzzled over for a long 
time. It occursatthe bottom of page 571 of Mr. Matthews’ paper in the 
following words: “ The charging current varies with the electrostatic 
capacity and the resistance varies inversely with the electrostatic 
capacity." I could not imagine what was meant by that sentence, until 
I found in Mr. Taylor's paper a clear explanation of what it purports to 
convey. On page 562 of Mr. Matthews' paper it is stated that “а 
pressure of 200,000 volts is now considered to be within the range of 
practicability." I should like to know where such a system as that is 
proposed, for Mr. Peck in his address as chairman mentioned about 
120,000 volts as the limit that insulators would withstand satisfactorily, 
and there seems to be a very large margin between 120,000 and 200,000. 
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In connection with this limit, surely the question arises as to whether 
that which is satisfactory in the United States can be so in England. I 
think that on account of difference in climatic conditions the number 
of insulators to be placed in series would be very different in various 
countries, Though the papers complement one another, as previously 
stated, they are not always in agreement. For instance, on page 567 of 
Mr. Matthews' paper we are told that the poles are set at distances from 
300 ft. to 350 ft. apart. In Mr. Taylor's paper, on page 527, we are told 
that the limit, instead of being 350 ft., is 750 ft. 

There is an interesting curve in Fig. 13 in Mr. Matthews’ paper show- 
ing the corona discharge losses. I do not know what is meant by 
corona losses in this case. According to the slide shown it seems like 
a discharge such as one gets from a concentrated leakage. The curve, 
Fig. 13, is very interesting as determining the point at which the 
discharge grows very rapidly. We have, for instance, a bend in the 
curve at 120,000 volts. Now, I want to ask the authors whether it 
is desirable, or usual, so to design the distance between wires as to 
keep to the left of that point marked 120,000 volts in Fig, 13, or whether 
it is not usual to use very much shorter distances than that. What 
limit would Mr. Matthews advise as admissible for corona losses ? 

Of course, the test of what engineers have achieved in such svstems 
as these, is the accuracy with which new schemes can be calculated. 
Of this there is nothing in Mr. Matthews' pages, but on pages 514 and 541 
of Mr. Taylor's paper there are comparative systems of calculation 
which are extremely interesting. And while in connection with pages 
513 and 514certain details of calculation arc given ; on page 541 there аге 
several items missing which render it impossible to compare the two 
systems. For instance, we take on page 513 the self-induction of one 
wire, and there is an approximate formula given for its computation. 
On page 541 the value of the reactance is presumably at 40 periods, but 
there is no information given as to how the coefficient of self-induction 
has been obtained. I should like to know whether the formula given 
on page 513 has been used, or whether it is to be obtained by some other 
means. Also on page 541 the letter b is used to signify “ Capacity suscept- 
ance per mile of two parallel conductors for a ‘frequency of one cycle 
per second,” while later on the letter B signifies “Total capacity 
susceptance.” If I understand the meaning of that term “ suscept- 
ance," I should say that it was in this case misused, and that in any 
case the frequency / which appears in the formula is either 
American practice, or it is founded upon a new definition of suscept- 
ance. Again, on page 542 the letter £ occurs again and again, but no 
meaning has been assigned to it. Lastly, throughout the calculations 
the author has made use of the capacity current. He does not appear 
to calculate the joint reactance due to capacity and self-induction and 
take that into account in his pressure-drop figures. I wish to add that 
the ingenious device of flexible supports put forward by Messrs. 
Matthews and Wilkinson is a great improvement on previous four- 
footed structures and should materially cheapen the system. 
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Mr. A. P. M. FLEMING: I should like to know the opinion of 
the authors as to the feasibility of employing on really high-voltage 
systems, one of the three line conductors, suitably earthed, in place of 
the earthed protecting wire ordinarily supported on the highest point 
of the pole construction. While this arrangement would upset the 
symmetry of the electrostatic conditions of the three lines, and would 
considerably increase the stress on the insulators supporting the two 
insulated lines, the total increase in cost involved in using insulators of 
the suspension type suitable for the increase in stress would be com- 
paratively small, and would be offset by the saving in cost and 
erection of the special earthed wire and the insulators on the earthed 
line. There does not seem to be any serious electrical objection 
to such an arrangement, and the recent improvements brought about 
by the adoption of the ‘ suspension,” in place of the “ pin-supported” 
type of insulator, would appear to afford sufficient safeguard against 
tisk of line failure due to the increased electrostatic stresses. 

Mr. К. FAYE-HANSEN: There are several points in Mr. Taylor's 
paper on which I should like further information. On page 512 he 
states that “the effect on the line caused by a flash-over of the lightning 
arresters may cause a heavy disturbance on the whole system, since the 
reaction set up tends to increase the current on the line in proportion 
to the square of its original value." I do not quite understand the 
meaning of this sentence, and should like to know if it is the effect of 
suddenly interrupting the current in the lightning arrester which is 
referred to. This interruption of current may cause a voltage rise 
proportional to its own value, and for a given power the effect of 
this will be smaller the higher the voltage, the percentage increase 
being inversely proportional to the square of the voltage. I have 
only been able to make out the regulation diagram Fig. 1 by 
assuming three printers’ errors, namely, that the voltage of the 
generating station is E,, the voltage of the receiving station E,, and 
the resistance drop due to power component О. On page 520, 522, and 
525, the author refers to the use of oil-switch bushings as primary for 
the series transformers by the General Electric Company’s Schenectady 
Works. This practice has also been adopted by the Westinghouse 
Company for high-voltage switches. It can, however, only be used on 
fairly large systems, as the characteristic of the series transformers for 
small currents (below, say, 100 amperes) becomes too bad. For this 
bushing type of construction the condenser-type terminals as used by 
the Westinghouse Company for 60,000 volts and higher, are specially 
favourable, as a smaller diameter of the iron ring of the series 
transformers can be used than with any other terminal construction. 
I wonder if the statement on page 521 "that three 6,000-k.w. trans- 
formers are used with a 12,500-k.v.a. generator" is not a misprint. I 
agree with the author that it is good practice to arrange three single- 
phase transformers or one polyphase transformer for cach generator, 
but having the same kilovolt-ampere capacity as the generator inde- 
pendent of the size. I should like to see a sketch added to the descrip- 
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tion of the method of connecting each piece of the suspension-type 
insulator together. What I am specially interested in is the arrange- 
ment to prevent the porcelains from being subjected to mechanical 
stresses other than compression. Regarding the electrical calculation of 
lines, it would be interesting to know which tables are referred to of 
page 541. Are these published tables based on tests or on the more 
theoretical formula given on pages 513 and 514? Under the heading 
* Electrical Connections" the author does not always make clear 
whether he means the connections of the transformers or of the 
lines. It is, of course, possible to connect the transformers in star on 
the high-tension side without grounding the neutral either direct or 
through a resistance, and from the operating point of view the results 
are the same as with delta-connected transformers. The transformers 
themselves, however, will be somewhat cheaper, and have higher 
efficiencies, than if connected in delta. It is also possible to connect 
the transformers in delta and produce artificially a neutral (for instance, 
by an interconnected star balancer) for earthing purposes, though this, 
as a general rule, would be a rather expensive procedure ; and the 
conditions for the lines are in this case the same as if star-connected 
transformers with grounded neutrals are used. 

The author states that, with the neutral grounded, the insulators 
need: only be 57 per cent. of those used on an ungrounded line. 
Though this is theoretically correct when the grounding is perfect, it 
no longer holds good when the neutral is connected to earth through a 
resistance, as in case of a fault to earth on one phase, the two other 
phases may for a short time be subjected to a voltage to earth nearly 
equal to the full-line voltage. The author seems to favour the use of 
delta connections of the transformers to start with, the transtormers and 
insulators being designed for connecting in star. later, with the neutral 
grounded, a higher voltage being then obtained without any other 
alteration. I cannot see sufficient reason why the transformer 
should not be connected in star and the neutral earthed from the 
commencement. The capital outlay is the same, and for the first 
years of operation the regulation is improved and the copper loss 
reduced. The author states that, in his opinion, in future, provision of 
reserve plant at various receiving stations will not be made. If, however, 
we look at Fig. 24, p. 557, we find that, for low load-factors, the price of 
power delivered from steam plants is lower than for hydro-electric 
plants and transmission lines, and this will, due to the higher capital 
outlay for the latter, nearly always be the case. Though the hydro- 
electric plant should be so designed that from the point of view of 
continuous supply reserve plant at the receiving stations is not 
required, it will, however, often be advisable, due to the economy 
thereby obtained, to have steam plant at some large receiving stations 
to take the peak load, and at the same time to form a reserve. 

Mr. A. E. Marras: Taking Mr. Taylor's paper first, and referring 
to the corona effect mentioned on page 512,1 believe some experiments 
have been made on the use of a cable built up on a thin copper con- 
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ductor wound round a hemp core. With regard to the use of split 
conductors, this system has been recently adopted in the case of 
a large installation supplying approximately 20,000-H.P. at 60,000 
volts from a point on the River Jucar to Madrid, over зоо kilometres 
away. In this case the two sets of wires run on the same posts. 
It seems, however, preferable to run the duplicate line on inde- 
pendent posts for convenience in making repairs, as in the event 
of trouble both lines would probably have to be shut down. For 
the tables given on page 580 to be of any value, the scantlings of 
of the posts should have been given. I trust the author will be able 
to give in his reply further details of the actual posts used for the 
purposes of these tests. The remark made at the bottom of page 544 
is of value, as in the event of a burn-out with one of the transformers 
in delta connection, the other two could be so coupled up as to carry 
on a work at a correspondingly reduced load. 

Referring to Mr. Matthews’ paper, in the later Continental 
practice the overhead ground wire does not appear to be in use. 
At least, it has not been used either in the case previously men- 
tioned, or in the case of another quite recent installation made for 
supplying 15,000 H.P. to Madrid at 50,000 volts, from a point on the 
River Tagus, 75 kilometres away. From the mechanical point of view, 
I certainly agree with the authors of the paper that this ground would 
be of considerable advantage. Referring to the new flexible tower con- 
struction, this construction was followed in the case of the Bolarque 
installation just mentioned. The towers or posts used on this line were 
of extremely light construction, but have in practice proved very satis- 
factory. I was pleased to sec the slide shown by Mr. Matthewsillustrating 
the earthing device adopted at railway crossings, as it is the first time 
I have scen any mention of it; in fact, I thought I had invented the 
system myself in the case of a 5,000-volt transmission system, with 
which I was connected, for some mines in the south of Spain. I am 
of the opinion that this device should be more largely used wherever 
any traffic is to be expected, or even where crossing the more un- 
frequented roads. 

Мг. J. Foster: I would remind Mr. Cramp that formulae and 
data upon which the design of high-tension transmission lines could 
be based have been available for several years, but nothing has as yet 
been done in this country with regard to really high-tension trans- 
mission. The real cause of our backwardness 15 not lack of mathe- 
matical data ; in fact, transmission lines have been built in the United 
States and on the Continent before formula and data were available. 
Probably when we do build high-tension lines in this country we shall 
follow the same procedure, and after everything has been brought to 
a successful conclusion, no doubt some mathematically inclined person, 
possibly Mr. Cramp himself, will come along and explain how it has 
all been done. What we lack is not data and information, but initiative 
and moral courage. The idea held by many engineers that high-tension 
transmission could never be employed in this country because of the 
VoL. 46. 43 
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absence of great water-powers overlooks the fact that there are other 
sources of cheap power, notably surplus blast-furnace gas and surplus 
coke-oven gas. In this country about 10,000,000 or 11,000,000 tons of 
pig iron are produced per annum, and with large economical gas 
engines, the surplus of power, available after supplying all the necds 
of the blast furnaces, is between 1,000,000 and т,5оо,соо В.Н.Р. 
continuously. In addition there is a large amount of power available 
from coke-oven gases, and by means of suitable transmission schemes 
these large and at present waste powers could bc to a large extent 
beneficially utilised. 

Mr. J. LUSTGARTEN : I should like to draw attention to the pheno- 
mena of corona or glow around the transmission wire. One of the 
limiting factors in high-tension transmission is the electric strength 
of the air itself. Given a wire of any diameter at a fixed distance from 
a similar wire in a single-phase transmission, there is a certain voltage 
at which a glow appears, and at this stage the air is said to be “ broken 
down." If the diameter of the wires could be increased, it would be 
necessary to raise the voltage in order to produce а glow. Conversely, 
for a fixed voltage, the limiting diameter of the wire can be deduced. 
If the electrostatic field intensity or stress at the surface of the wire 
be calculated, it is found that for a wire of, say, oʻi cm. diameter the 
intensity is 80 kilovolts per centimetre, and for a larger wire of 0:5 cm. 
the value is 50 kilovolts per centimetre, and if you still further increase 
the diameter of the wire the intensity of the field diminishes. This 
is the same for direct- or alternating-current difference of potential. 
These values are obtained in the spark discharges between two equal 
spheres. The maximum electric intensity at the surface of small 
spheres at the moment of breakdown or discharge is about 60 kilovolts 
per centimetre, and of very large spheres about 30 kilovolts per centi- 
metre. With the object of obtaining some clue as to the reason we 
obtain a different strength of field (a different intensity at the moment 
the corona appears with small wires as against large wires), I have, 
in the course of an investigation, not yet completed, been carrving out 
some experiments on spark discharge between unequal spheres, and 
with a sphere of 1 in. in diameter, and another of 2 in. in diameter, 
the maximum electric intensity at the moment of discharge for the 
smaller was found to be 45 kilovolts per centimetre, and for the larger 
sphere 30 kilovolts per centimetre. We shall eventually find that 
the disruptive strength of air expressed as an electric intensity (or 
potential gradient) will be constant, but at present there is no 
explanation for the different breakdown values with decreasing 
diameter of wires or of spheres. Steinmetz has suggested that a 
zone of condensed air contiguous to the surface of the wire, having 
an increased pressure due to molecular attraction and depending 
on the curvature of the wire, would account for the above dis 
crepancies in the breakdown values of maximum electric intensity. 
but I cannot agree with this, as the attraction will only be at molecular 
distance, and therefore should be independent of the sizes of the wires 
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In Fig. 13 in Mr. Matthews’ paper, it will be noticed that the corona 
having appeared at a certain point, the curve bends suddenly upwards. 
In plotting the sparking voltages corresponding to the distance 
between two equal or unequal spheres at a certain stage, the curve 
takes a sudden bend upwards ; but at this kink there exists more than 
a glow, it is a distinct brush discharge, the glow or corona having 
appeared at a smaller sparking distance. With the appearance of this 
brush a larger voltage is required to cause a discharge across a gap 
probably because of the loss which is taking place in the brush, or 
what is the same thing, because of the energy required to produce and 
maintain the ionisation in the brush discharge. I am unable to agree 
with Mr. Matthews' statement made on page 571 with regard to the effect 
of the percentage of moisture of atmospheric air on the corona loss. 
My own experimental observations on the sparking distance between 
spheres with different states of humidity of the air, even in dense foggy 
weather, give no difference for the sparking voltages, or the point 
at which the glow appears. Further, some recent experiments have 
been made by Dr. Whitchead in America * in order to determine the 
voltage at which the corona appears, and this investigation shows that 
it is independent of moisture content of the air. 

In Mr. Taylor's paper, in the section on suspension-type insulators, 
the statement that “ a flat plain disc has a greater electrostatic capacity 
than a similar disc with concentric petticoats on the under surface " 
requires some modification. With the same thickness of porcelain 
between the same electrodes in the two cases, the electrostatic capacity 
must Бе the same and the voltage at which corona starts, both on the 
electrodes and on the porcelain, must also be the same. With increase 
of voltage the corona on the petticoated disc is forced downwards, and 
thus its effect as a condenser, or conducting area, is diminished. This 
action, together with an increase in the arcing distance (especially 
if the petticoats are long), requires a greater sparking voltage than in 
the case of the flat plain disc. 

Mr. А. B. MALLINSON (communicated): I would like to have some 
further information from the authors on the following points. In 
both papers a continuous earth wire above the live wire is spoken 
of as now being almost a universal practice. In Mr. Taylor's 
paper such earth wires are shown on the pole-lines for two sets 
of transmission wires, but the single pole lines do not appear to 
have been designed with this in view. Similarly, in the paper by 
Messrs. Matthews and Wilkinson no such arrangement is shown 
provided for in the single circuit lines on Fig. 2 and Fig. 3. This 
would make it appear as though the use of an overhead earth line 
is not generally adopted. Overhead earth wires of barbed wire were 
erected in several instances for high-pressure lines in this country 
some years ago, but, as far as I am aware, have been dropped because 
of the short life due to corrosion. Presumably, for this reason the 
stout earth wire is now recommended. No particular note is made 

* Proceedings of the American Institute of Electrical Engineers, vol. 29, p. 1059, 1910. 
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in either paper on climatic conditions as affecting surface leakage. 
Have the authors heard of difficulties in this manner with these 
extra high-tension transmission lines? I note also that with the 
suspension type of insulator the same insulators are apparently used 
for the anchor posts. This will pull the insulator out of the vertical 
and expose the petticoat underneath it to moisture. Has it been 
found necessary to increase the number of insulators in series on the 
anchor posts on account of this? Aluminium wire has been mentioned 
very little by either author, and I should like to know whether it 
is yet being used to any extent in the United States for transmission 
work, and if so whether any difficulties have been found with it 
due to the sag increasing when the wire stretches as a result of age. 
In both papers an illustration is given of a typical 110,000-volt line 
with two circuits each in a common vertical plane. Have any such 
transmission lines been run in tropical countries where the rainfall 
during the wet season is extremely heavy, and if so, has any trouble 
been found due to continuous dripping of water from the wire on 
the top insulator on to the earthed framework or wire immediately 
below it? 

Professor E. W. MARCHANT (communicated): Mr. Taylor's paper 
is one of great interest and importance, as he is able to give practical 
information on high-tension transmission. The problem of transmitting 
energy over long distances is one of great importance in a country like 
America, where there is ample water-power, and the distances to be 
covered are much greater than in this country. Over here the question 
of wayleaves is fundamental, and I should like to reiterate the hope | 
expressed in the discussion on the paper by Mr. Watson and myself, 
read last session, that some information may be forthcoming on this 
matter. Dealing first with the subject of transmission in general, it is, 
I think, remarkable that no attempt has been made hitherto to applv 
the results worked out, by Steinmetz (in his book on “ Alternating- 
current Phenomena"), for “wave” transmission. Steinmetz shows that 
it is possible so to adjust the line constants that the pressure at the 
transmitting and receiving ends of a line shall be the same. For a 
short line the extra capacity and inductance that would require to be 
introduced to give a “ wave ” transmission would be too great, but it 
does not seem unlikely that such a scheme would be workable for such 
transmissions as are described in the paper by Mr. Taylor and Messrs. 
Borlase Matthews and Wilkinson. Coming next to some details in 
Mr. Taylor's paper, I should like to refer first to the use of wooden 
pins for insulators. In nearly every station which I visited in America, 
with the possible exception of Ogden, Utah, wooden pins were being 
replaced as rapidly as possible by metal pins, the trouble due to 
digestion of the wooden pin by brush discharge from the thread of 
the screw in the insulator being most serious. On page 537 Mr. Tavlor 
states that “corona has the effect of reducing the effective resistance 
and increasing the line loss." This surely is a mistake, as the pro- 
duction of the corona absorbs a considerable amount of power and 
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has the same effect as increasing the line resistance. While writing 
on this subject, I should like to refer to a statement on page 572 in 
Messrs. Matthews and Wilkinson's paper, that the working of a line 
slightly below the critical point may act as a safety valve for lightning 
discharges. This is a very dangerous method of protection, because 
of the likelihood of “flashing over” between the lines. I remember 
very well when walking down the Black Canyon, close to the Shoshone 
Falls Station of the Central Colorado Power Company, being suddenly 
started by a brilliant flash 2 or 3 miles away, due to a “flash- 
over" between the lines (which were then working at 90,000 volts), 
due, I presume, to a lightning surge or something of that kind. The 
factor of safety against corona effect (allowing for altitudes) on that 
line is about 1°34, and this “ flash-over" seemed to me an indication 
that the factor of safety was really a little lower than was consistent 
with entirely satisfactory working. Small particles of dust and dirt 
on a line working under these conditions will produce a brush dis- 
charge, and have the effect of ionising the air and thus rendering a 
flash-over more likely. With reference to the statements made on 
page 547, that the present practice of transmission engineers is not 
to transpose circuits, I should like to point out that at the Great 
Western Power Company’s transmission in California, which is the 
best design I have seen, transposition towers have been introduced 
about every 4 miles, and unless this is done, transpositions of the 
telephone wires themselves, whether they are on the towers or in 
the neighbourhood of the line, will not completely eliminate induction 
effects. It is interesting to notice that the costs given on page 550 are 
not as low as those which Mr. Ferranti has indicated as being 
possible (i.e. àd. per unit), for gas engines working оп a good 
load factor. The problem of the construction of a line which will be 
thoroughly reliable under all conditions can hardly be considered to 
have been solved, if one can judge from experience, on the long- 
distance transmissions on the west coast of America. I have already 
referred to the flash-over on the go,ooo-volt line on the line of the 
Central Colorado Power Company, but, even at Island Bar, during 
the short time I spent in the station, there were two or three short 
circuits (occurring at some point on the transmission line) which had 
the effect of operating the relief valves, thus causing (he surge pipe 
(which protected the pipe line from water-hammer) to overflow. In 
San Francisco the stoppage of the tramcars for ro and 20 minutes 
appeared a very common occurrence. There is very little doubt, of 
course, that, as time goes on, the reliability of such transmission 
schemes will improve. 


DISCUSSION BEFORE THE YORKSHIRE LOCAL SECTION, 
FEBRUARY I5, 1911. 


Mr. W. B. WoopHoUsE : We have listened to two very interesting M 
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this country. As, however, the mechanical construction of an overhead 
line has to satisfy the same conditions, whatever the voltage may be. 
we may Consider some part of the papers as having a direct bearing 
on methods of construction in such a country as our own. The real 
difficulties of overhead line construction in densely populated countries 
are not touched on in Messrs. Matthews and Wilkinson's paper. 
Frequent road crossings, deviations to avoid the land of owners who 
will not grant wayleaves, railway and telegraph crossings, all present 
greater difficulties than the design of a cross-country line, where 
angles can be avoided and obstructions are few. The question of 
the most economical span is easily settled in a thinly populated country, 
and in such cases there is little doubt that long spans and high towers 
are the best, but it is rather an exaggeration to say that wooden poles 
are practically a thing of the past. It all depends on local conditions. 
With regard to the corona effect, this has an important bearing on 
the distance to be kept between wires. The effect of climate, dust, 
and air pressure on the critical voltage is very considerable. Professor 
Ryan states that the minimum critical voltage gradient is about 3,000 
volts per inch, therefore the practice advocated in both papers of one 
foot between wires per 10,000 volts is on the safe side, though it tsa 
rough and ready rule; the possible contact of swinging wires is the real 
limit in most cases, as good pressure regulation requires the distance 
between wires to be kept small. The adoption of split conductors to 
reduce the impedance, advocated by Mr. Taylor, seems the first step 
towards a network of interconnected lines such as is used in this 
country for 10,000-volt work. The most difficult problem on lines 
transmitting large amounts of energy is that of control and switching ; 
operation difficulties increase very rapidly with an increase of current. 
and greater security may often be obtained by increasing the voltage 
and decreasing the current. 

Mr. Matthews’ distinction between “rigid” and “flexible ” towers 
is one that I do not quite understand, since all structures are flexible ; 
early construction work certainly did not err on the side of rigidity. The 
distinction that I think he intends to convey is that a flexible tower 
is one which is more flexible in the direction of the line than at right 
angles to it. The benefit of a structure of this kind is apparent 
when the stresses are considered for wires firmly fixed to the insulators, 
but with the adoption of the suspension insulator (see the analvsis 
of the stress set up by breakage of wires in Mr. A. P. Trotter's classical 
paper of 1907) * the need for a special consideration of flexibility dis- 
appears. The use of suspension insulators seems to be a step in the right 
direction, but we have not yet come to the final type of iusulator. 
Many of the designs shown are much too heavy, and mechanically 
defective in that if the insulator breaks the line will fall ; these are 
serious faults. I have for some years used suspension insulators for 
securing safety in road crossings and found them satisfactorv.] The 


* Procecdings of the Institution of Civil Engineers, vol. 169, p. 183, 1906-1907. 
t Journal of the Institution of Electrical Enginceis, vol. 44, p. 813, 1910. 
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best connection of 3-phase transformers at the ends of a transmission 
line, dealt with by Mr. Taylor, is a subject of considerable interest ; 
there seems to be a balance of advantages in favour of delta-star con- 
nections, more particularly on account of the possible surges due to 
intermittent faults. I should like the authors’ views on this, as 
experience is badly wanted. 

Mr. Т. Н. Сновтох : The question of the overhead transmission 
of electrical energy at high pressure is one of growing importance, 
in that it is intimately associated with the cheapening of electric 
power supply. Popular prejudice must be overcome and public 
opinion created that will prevail upon the authorities to grant 
increased facilities for the construction of overhead lines. The powers 
of veto which local authorities now enjoy should be modified, 
and that result may be brought about by informing ourselves upon 
what is being done elsewhere and what may be done here, 
and by educating the public, each within his own sphere of 
influence. In this connection, I shall be glad if Mr. Snell or Mr. 
Matthews can inform us of the relative cost of an overhead line and 
an underground cable working at the same pressure and of the same 
kilowatt capacity, and under otherwise similar conditions. The 
principal advantage of overhead lines as compared with underground 
cables appears to be that of cheapness, but to make the com- 
parison fair the cost of maintenance of the two systems should, of 
course, be taken into account. One of the characteristic features of 
electric power lines in Ameriva is that they are almost all carried 
on wooden poles, generally untreated and roughly finished. The main 
lines, especially those of very high pressure, are, however, usually 
supported on steel towers. With regard to ihe spacing of the wires, 
I was surprised to notice how comparatively close together the lines 
of the Yorkshire Electric Power Company are, and though this 
may be an advantage аз regards inductive drop on the line, there 
must be, one would think, considerably greater risk of short-circuits. 
I should like to ask whether any trouble has been experienced with 
the stretching of the lines of such an enormous span as 4,000 ft. 
mentioned by Mr. Matthews. With regard to lightning, I may mention 
that when in Montreal last summer a most terrific lightning storm 
was experienced, and which was said to have been the worst within 
living memory. The city is supplied by power from three separate 
hydro-electric stations at distances varying, I believe, from 30 to 
60 miles. The power lines were struck fifteen times during the storm. 
On twelve occasions the horn lightning-arresters prevented damage ; 
on two occasions part of the town was thrown into darkness momen- 
tarily, and on another occasion for about fifteen minutes, before the 
fault could be located and the supply resumed. I mention this as an 
instance of what has happened under conditions of the greatest severity. 
I was informed that power lines operating at 100,000 and 110,000 volts 
did not suffer from lightning nearly so much as the lines operating at 
lower voltages ; the explanation being, I believe, that the high-voltage 
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lines are necessarily so well insulated. For this reason one would 
think that it would certainly pay to insulate lines in the same manner, 
whether to be used for the higher pressure or not, if only as a safeguard 
against the risk of breakdown due to lightning. 

Мг. B. WELBOURN : I am rather handicapped in taking part in this 
discussion as, having already spoken in London, it makes it a little 
difficult to avoid covering the same ground. Опе point, however, 
which I touched on in London, and which I should like to refer to 
again, is the life of the poles. Both the authors give the average life 
of the pole as 12 years. I think it is quite clear that that figure 
applies only to untreated poles— poles that are cut down and put up 
in situ. 1 have been making inquiries as to the probable life to be 
expected in England, and I think there is good reason to believe that 
properly creosoted poles will have a life of 30 years, and it may 
be that 50 years may be got out of them. I am inclined to think 
that, with English conditions, we shall have a much longer life with 
wooden poles than steel towers. With regard to the life of stcel 
towers in this country we have had very little experience. It would 
be helpful if the railway engineers would tell us something on this 
matter. From what we know of the pitting of steel tramway poles 
at the ground line I think we should bc well advised to avoid the use 
of flexible steel towers in this country until we know more about their 
behaviour in the English climate. With regard to the Chairmans 
remarks as to the comparative costs of underground cable transmis- 
sion and overhead construction, I can give you some figures for the 
very best pole line construction in this country at the present time: 
A single-circuit 20,000-volt 3-phase line transmitting 5,000 k.v.a. costs 
£800 per mile. A double-circuit line for 10,000 k.v.a. would cost 
about £1,250 per mile. With underground cables, where it would be 
necessary to put in 20,000-volt 3-phase feeders, and including the cost 


of street work, it would run to about £3,500 per mile forward ; each 


cable would carry about 5,000 k.v.a. regularly. I would like to have 
heard Mr. Woodhouse say whether he uses the overhead ground wire 
which is referred to in the papers. The general English practice is 
not to use it except underneath the power wires, and there it is some- 
times used as a catenary wire to support lead-covered telephone and 
pilot wires, and is also used for grounding the ironwork in the event 
of a fault occurring on an insulator. I would like to ask the authors 
if they will tell us how they carry out the grounding. The inference 
from the paper is that they rely on the foundations of the stecl towers 
for this. Those who have tackled this question of earthing find it an 
extremely difficult problem in England. I would ask the authors what 
special methods аге adopted for getting a really good earth that will 
transmit current until the breakers operate and cut the line dead in 
the event of a fault occurring. Mr. Matthews referred to the equal 
accumulation of ice and snow on both aluminium, copper, and steel 
wires. I am told that there was some doubt on that point even amongst 
the engineers from the other side of the water. I hope, however, to 
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have some figures on this point shortly. One practical point came 
to my notice in a letter from Canada regarding the flashing-over on 
insulators. The practice appears to be to put a long metal sleeve over 
the line wire so that when the flashing-over occurs the burning takes 
place on the sleeve and binding-in wire and not on the line wire. 

Mr. E. Н. FARRAND: With reference to the remarks of the previous 
speaker, I would like to say as a Post Office engineer that my 
experience is that instead of the life of poles in England being 
I2 years, we can depend in favourable circumstances on 30 to 
35 years, and in unfavourable circumstances something like 20 years' 
life. This applies to creosoted poles. In many cases we have taken 
poles down that have been in since the early days of Post Office 
telegraphy in 1872 which have been perfectly sound. The difficulty 
appears to be in Eugland that if poles are put in sand or porous mate- 
rial they rapidly deteriorate in the ground because the creosote runs 
out and is absorbed by the ground ; on the other hand, if they are put 
in wet or clayey ground they stand indefinitely, as the creosote runs 
down from the top of the pole and forms a bath at the foot. With 
regard to Mr. Welbourn's point as to the accumulation of snow on 
wires, I gather from the papers that the authors arc of the opinion that 
snow accumulates very much the same on all classes of wire. Appa- 
rently they are only dealing with alumininm and copper, and I have 
had no experience of aluminium, but I have with copper and iron, 
which would be a parallel case to that of steel and copper. We have 
found tbat there is a great deal of accumulation on both iron and 
copper wires. With copper wire, however, the accumulation begins 
very much earlier than with stecl, and it begins to fall off very much 
earlier also. On the occasion of the storm in February, 190o, I noticed 
copper wire accumulate snow to the extent of 3 in. in diameter in a 
few minutes, whereas the snow on the iron wire was only 3 in. to I in. 
thick at first, although the iron wire was the thicker, the gauges being, 
copper, 150 lbs. per mile; iron, 400 lbs. per mile. After the lapse of 
a short time it was impossible to distinguish which wires were copper 
and which iron, all having apparently accumulated snow to the same 
diameter. 

Professor G. D. A. PARR: I would like to ask the author whether 
the 7,000-k.v.a. load mentioned at the top of page 521 of Mr. Taylor's 
paper is entirely an “apparent” load. I take it that this load would 
be due entirely to the inductiveness of the line, and therefore pre- 
sumably the current would lag nearly 9o? behind the pressure and 
be almost all wattless. With regard to the type of suspension insulator 
shown, I should like to know whether there is not a considerable 
amount of chafing due to the action of the wind in drawing the cable 
backwards and forwards through the sleeve, as this seems to me a 
possible effect. 


Mr. Е. THURSFIELD: With reference to the diagrams shown in the м 


early part of the paper, what struck me was the great number of 
switches provided for different cross-connections, etc. If we take, 
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for example, Fig. 9 on page 523, there are no less than five switches in 
series on each incoming line before getting into the sub-station. 
Having regard to the difficulty of constructing a switch for 
100,000 volts, it seems undesirable to provide five in series, espe- 
cially when we notice that according to this diagram the two switches 
nearest to the sub-station cannot be attended to without shutting down 
the whole sub-station. I suppose some other provision must be таас, 
but that would appear to involve a sixth switch. The tables at the end 
respecting the cost do not give the capacity of the station in question. 
But it seems from the tables that it is possible to get at it, fer in 
column А of Table IV. we have the load factor and in column E the 
millions of kilowatt-hours. Presumably this column gives the millions 
of kilowatt-hours per annum. If so, the maximum load can be obtaincd, 
aud as the author states that no allowance is made for spare plant, the 
maximum load is the capacity of the station, which works out at 
37,500 k.w. "Turning to Table II. it is interesting to see what the 
capital cost of one of these large water-power stations is. By adding 
together the first four items, viz., dams, pipe lines and tuunels, power 
station equipment, and buildings, we get a figure of 42,220,000, which 
works out at £60 per kilowatt for the power station alone. Some 
reduction may possibly be needed for spare plant in this case, but 
evidently the problem of supplying power on a large scale in this 
country is а much more simple matter, where we can provide 
generating stations for £12 or £15 per kilowatt. Ten per cent. 
interest on £60 per kilowatt comes to o'4d. per unit, with a dy load 
factor. In this country the corresponding charge would be perhaps 
a tenth of a penny, leaving o'3d. to cover fuel and other extra working 
costs. Whatever the capacity of the power station is, it is clear that 
two-thirds of the whole annual expenditure is interest on the power- 
station plant only. 

Dr. R. POHL: On page 537 Mr. ‘Taylor states as follows: “ Each 
piece or unit of the insulator has a dry flash-over of about 90,000 volts 
when used individually, but as the distance between units is less than 
the equivalent air-gap for the flash-over of 1 unit, thc flash-over of the 
complete insulator is less than the sum of each unit taken separately." 
This explanation for the well-known fact that each added unit raises 
less than proportionately the flash-over voltage of thc coinbination does 
not appear to me to be the correct one. If it were, it would be possible 
to obtain with four units only the result which according to the table 
on page 538 is now obtained by 6 units, simply by increasing the 
distance between units, £c, by lengthening the support. One may 
safely assume that the makers of the insulators carried out experiments 
in this direction before finally deciding on the form of the units and on 
the distance between them. Quite generally, for any class of insulating 
material the breakdown voltage per unit of length decreases with an 
increase of the total length subjected to the test, and the reasons why 
this should be so are well understood. They lic primarily in the 
unequal distribution of the electrostatic stresses. I believe in the cae 
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of insulators of the kind under consideration the ionisation of the air 
due to silent discharges which precede the actual flash-over is of 
considerable importance in determining the flash-over voltage. There 
is one other point on which I disagree with Mr. Taylor. He states on 
page 510 that it is the complication of the high-voltage direct-current 
system which stands in the way of its universal adoption. To my 
mind, if there is a point which favourably distinguishes the Thury 
constant-current system more than any other it isits extreme simplicity, 
The truereasons why this system has not made more rapid progress 
appear to me the greater cost of the generating plant, which balances 
the proportionately large saving in the transmission line, except in cases 
where the expense of the latter plays a very great part in the total cost 
of the scheme, and secondly the constancy of the C?R losses. With 
regard to the first point the advance in the design of direct-current 
machinery has solved the problem of constructing large high-tension 
dynamos at reasonable cost, and to the C*R losses we must surely get 
reconciled when we hear from Mr. Taylor, in connection with 3-phase 
lines, of leakage and corona losses amounting to 1 k.w. per mile, and of 
charging currents corresponding to 20,000 k.v.a. It seems to me, after 
reading these papers, that the prospects of the Thury system for long 
distance transinission are even brighter than I had previously thought 
them to be. 

Mr. G. GILLETT: I would like to ask whether the steel towers 
are made up on the job, or are they made at the factory and trans- 
ported as a whole? In comparing the cost of these with wooden 
poles, I was struck with the short life of 12 years which is given 
for the latter. My experience is such that I should be inclined to 
put the average at quite seven years more, which would make a 
considerable difference in the calculations if the latter figure was 
adopted. On page 529 of Mr. Taylor's paper I note with surprise 
that it is the practice to run telephone circuits on the same towers 
carrying the high-tension circuits. It appears to me that in this 
country we should have great difficulty in getting men to attend to 
those circuits. The practice in this country is to run covered tele- 
phone wires when crossing power circuits. On page 547 it is men- 
tioned that the present practice of engineers is not to transpose, 
which I think refers to the telephone circuit. I do not quite see 
what is done to eliminate induction derived from the power circuit. 
Is only one transposition made for the whole length, or none at all? 

Messrs. К. BORLASE MATTHEWS and C. T. WILKINSON (in reply): 
In endeavouring to deal with the very valuable remarks of the members 
of this Institution, the authors are met by the difficulty that almost all 
the speakers have commented on both the papers by Mr. Taylor and 
themselves, and in doing so have frequently changed rapidly from the 
one to the other. After sifting out the points to which it is essential a 
reply should be made, a further difficulty is encountered in that a reply 
to be of any value would have to be of considerable length. The ex- 
perience of the authors during the last few years—one of whom has 
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specialised entirely on this subject—has led to the accumulation of an 
enormous amount of important data, but exigencies of space prohibit 
the dealing with those points brought up by the various speakers which 
are not strictly within the range covered by this paper. For example, 
wood poles, steel towers, insulators, conductors, etc., have each been 
considered especially from the point of view of extra-high-tension 
work, and not for conditions below about 60,000 volts. "The verv large 
number of lines referred to on page 567, aggregating nearly two hundred, 
have, of course, included a great variety of conditions—varying trom 
the severe cold of Canada and the heavy sleet storm districts of the 
United States, to the special circumstances of tropical countries Con- 
ditions which embrace both the serious mechanical difficulties in 
crossing mountainous countries, and the troubles of transport and 
labour in foreign and partially civilised countries, not to omit mention 
of the still greater obstructions, which—as Mr. Woodhouse so feelingly 
puts it—are found in the still more densely populated districts where 
antagonistic vested interests have to be pacified, and where the cross- 
ing of rivers, roads, canals, harbours, and other similar features of 
civilisation has to be negotiated. Then again there are the special 
problems encountered where power lines cross over telephone, tele- 
graph, and railway lines. 

Among those who have taken part in the discussion on the paper 
are some who are associated with the telegraph and tclephone interests 
of this country, and it is with regret that the authors notice that so 
many of the speakers, when referring to mechanical difficulties, have 
obviously had in mind the special peculiarities of these particular 
branches of engineering, rather than the heavier and quite different 
circumstances of power service, such as, for instance, the swinging and 
rippling of wires. In the authors' statement that conductors do not 
swing together, they had in mind lines properly designed with this 
point in view and not lines put up haphazard or very light lines. The 
synchronous swinging of wires is a function of their exposed area, 
weight per foot-length, design of towers, spacing of conductors, 
method of attachment of same, etc.; and the prevention of this 
trouble is only a matter of careful design, though one on which a 
mathematical treatise might be written. The rippling of wires is not 
a thing which need cause any trouble with cables of the sizes and 
spacings as used in power work, though of course very common in 
telephone and telegraph construction. А rule followed by some 
engineers is that, independent of electrical reasons, as mentioned in 
paragraph 8 on page 575, the wire spacing should be 1 ft. per 
100 ft. of span. This approximation, of course, is only used for 
power lines and for wires rigidly attached to the supports. 

With regard to the question of flexible towers, the authors have 
been very active in helping the development of this work in the United 
States, not that they consider this construction to be a panacea for 
all ills, but because it has been the duty of one of them to keep in the 
very closest possible touch with, and to lead as far as possible in. 
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all the latest developments of transmission. Mr. Trotter, to judge 
from his remarks, did not apparently read the authors’ paper very 
carefully, for they have dealt with the subject of flexible towers very 
definitely from a practical point of view, since they gave the outcome 
. of very careful mathematical analysis of the subject combined with the 
special modifications which are necessary to conform with commercial 
conditions, "They, further, maintain their opinion that the amount of 
deflection of a flexible tower is essentially a practical matter, since it is 
the first point to be considered, and they further believe their solution 
to be the shortest and most simple yet given, that has proved accurate 
for all practical purposes. It has certainly been borne out in instances 
of actual lines that have been constructed on this basis. The practical 
side of this question alone is sufficient for a lengthy paper, and ac- 
cordingly they attempted to sum up in the cost curves the entire result 
of all the practical investigations. These curves are based on actual 
results obtained from close co-operation and experience on practically 
all the lines of this character yet installed in the United States, and 
their work has made it necessary for them to go very thoroughly not 
only into details of design, but also into questions of foundations, 
methods and costs of erection, the strength necessary, both along the 
line and at right angles to it, etc. With regard to Mr. Trotter's 
question as to what happens when the line is wrecked, the reply is 
that this depends entirely upon the mechanical design of the whole 
system and the number of wires broken by the wreck. If, however, 
it means that the line has been so badly placed that a big tree can, and 
does, fall across it in such a way as to break all the wires, actual test 
has shown that in quite severe conditions only one flexible tower on 
each side of the break will be lost. Roughly speaking, the question of 
strength along the line can be answered by the statement that it 
must be sufficient to stand the stress imposed by erection of the 
towers and stringing of the particular size of wires to be carried. 
Mr. W. B. Esson presumes that we put forward flexibility as the 
pre-eminent feature in the construction of a flexible tower line. The 
original intention, of course, was to save cost without sacrificing 
efficiency, which should be the original intention of all sound engineer- 
ing work. It is not in accordance with modern practice to use great 
masses of concrete for foundations, as is suggested by Mr. Esson, 
except under special circumstances, since it is not needed for the 
majority of cases, and it will be noted on reference to the specification 
for steel transmission line towers in the Appendix that the definite 
statement is made that “No concrete foundations are to be used 
except for swampy ground or angles in the line." 

The wood poles referred to in the paper are untreated ; however, not 
only is creosoting considerably employed in the United States, but also 
very many other methods, such as “ kyanising," “ burnetising," “ well- 
house process," “ vulcanising," etc., which increase the life in varying 
degrees ; they mean, however, in every case, a considerable additional 
expenditure for the poles, which is not allowed for in the cost curves given, 
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With reference to the question as to the life that may be anticipated for 
poles used for power transmission work, a matter which was dealt with 
by a number of speakers, it is necessary to emphasise a point that 
apparently they have overlooked. It is, of course, that for this work 
specially selected poles have to be emploved, as they have to be both 
stouter and longer than those used for ordinary telephonic and tele- 
graphic service. This matter of life of wood poles has been carefully 
gone into by the United States Department of Agriculture, and from 
the results of their investigations there is nothing to show that the life 
of transmission line poles will be anything like that suggested bv 
various speakers. Further, Italian engineers have found the life oí 
wooden poles to be even shorter than that which American experience 
points to. Of course, the ordinary life of a transmission line pole is 
only two-thirds of the time which would be taken for the pole to 
seriously deteriorate, since it does not do to run any unnecessary risk 
with these high.tension lines. These poles are tested from time to 
time by trial borings. Regarding the kind of wood adopted in the 
United States, the principal varieties are cedar, chestnut, all the oaks, 
also juniper, pine, and several other kinds are sometimes employed. On 
the Pacific Coast, redwood and cedar are largely used ; in the Western 
States, cedar and pine ; in the Southern States, pine and juniper ; while 
in the Eastern States, white chestnut and cedar are employed. 

So far as the life of steel towers is concerned, it is a matter to а 
certain extent for assumption, but a good deal of experience has becn 
obtained in America with galvanised towers that have been up for a 
period of twenty years, and from their present appearance there 15 
every probability of their lasting very much longer, as they show no 
signs of deterioration, even at the ground line. Painted towers are not 
so much used, since of course they have to be re-painted every three 
or four years, and even then there is considerable trouble experienced 
at the ground line which can only be overcome by a protective base of 
concrete or by galvanising the lower ends. It is not general or good 
practice to paint galvanised towers. On referring to the Appendix to 
this paper it will be noted that the specification for the galvanising of 
steel towers for transmission lines is very rigid, and it is of interest to 
remark that the makers in the United States, who have specialised in 
the construction of these towers, have made very long galvanising 
tanks so that very large component pieces of these towers may be 
galvanised at one and the same operation. Mr. B. Welbourn asked 
whether any system has been employed of automatic protection to the 
lines in the event of a fault, such as the Merz-Price protective gear. 
In reply the authors would say that while these systems have been 
investigated, none of them have been adopted, both on account of the 
added complication and, further, the fact that these systems have not 
yet been developed for use in conjunction with lines operating at 
extremely high pressures. The same speaker refers to the use of 
“iron” earth wires. The practice in the United States, however, is to 
use a superior material in the form of j-in. Siemens-Martin double 
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galvanised, stranded, mild steel cable. As the steel of which this cable 
is made is of very uniform composition, there is no doubtful question 
as to life or strength that cannot be taken care of in the preliminary 
calculations. Further, it is cheaper than copper for the same section. 
There is no object in using a wire of small diameter, since dependence 
is placed on the skin effect for conductivity. The suggestion that the 
earth wire should be placed under the transmission wires is, of course, 
absurd. While admittedly a contentious matter, as the result of con- 
siderable experience, American engineers on the whole are in favour 
of the employment of earth or ground wires mounted over the con- 
ductors, since they have proved to be of so much value. The authors 
rccently recommended this system, with success, to overcome serious 
troubles with some long lines in the South of France. 

Mr. Welbourn was very emphatic on the point that aluminium lines 
do not collect so much slect as copper lines. The authors regret that 
thev cannot change their views on this question, since their statement 
is based on a large number of carefully made observations carried out 
practically all over the sleet districts of the United States. Aluminium 
transmission line wires are not employed by any engineers who have 
really had a wide experience in the construction of transmission lines, 
except under the special condition, when the market prices were such 
as to make an enormous saving. The whole question may be summed 
up by the attitude that| “ Aluminium is a cheap substitute for copper." 
It is softer, not so strong, and has a greater sectional area for the same 
conductivity. It can never therefore be as good as copper, and it is 
certainly not the safest and best practice to adopt. It is unfortunate 
that one or two speakers have referred to the 110,000-volt transmission 
system recently put into operation by the Hydro-Electric Power 
Commission of Ontario, upon which aluminium has been employed 
throughout, for this line is not a good example of sound engineering 
design, and troubles have been experienced in its operation. Mr. 
E. J. Fox suggests that the authors have not mentioned tubular stcel 
poles. They would, however, refer him to the paragraphs on page 567 
of the paper headed “ Steel Poles," wherein is pointed out the evident 
objection to this form of support for the larger lines. Mr. Fox's 
estimate as to the speed of erection is considerably under the mark, 
since it is the usual practice to erect 5 to то rigid towers per day and 
8 to 16 flexible towers, in both cases on foundations that have been 
previously prepared. Mr. E. H. Rayner suggests that the authors have 
not given any values for the factors as to the wind velocity, etc. "This 
information can be found in most of the standard engineers' pocket- 
books, and accordingly it is not worth while repeating it here. The 
points he refers to in connection with the design of insulators are, of 
course, well known to insulator makers and users, and any standard 
specification which calls for good “ wet process porcelain” would bring 
forward a product free from this defect. Mr. F. V. T. Lee, in his 
remarks, touched upon a number of points which, though interesting, 
have very little to do with the scope covered by the paper. His 
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MEE suggestion that steel poles should be used is not a good one, as poles 

atthcws & ; : : Н 

Wilkinson, have too many disadvantages when employed in connection with the 
extra-high-tension lines referred to in this paper. With reference to 
his comments on the design of suspension-type insulators, it may be 
pointed out that the more recent desigas are evidently a very great 
advance on those of which he has had experience. 

Mr. Esson cites two instances of the adoption of extra-high-tension 
lines of comparatively short length, viz., a 14-mile line operated at 
60,000 volts and a so-mile line operated at 110,000 volts. The con- 
sideration which led to a choice of these particular voltages was 
mainly the provision for future extension on the voltage selected, for 
which these lines are ultimately required. They will then form an 
economical arrangement, which, of course, they do not at present. 
Mr. Esson pointed out that with a star connection the pressure 
between the conductors and earth is predetermined in such a fashion 
that it can never exceed 58 per cent. of the pressure between two 
wires, and deduces from this—as has also been done by others—that 
the insulation required for a line need only be 58 per cent. of that 
required for an undergrounded line. Though when the grounding is 
perfect this is theoretically correct, it is not the case when the neutral 
is connected to earth through a resistance, as in the instance of a fault 
to earth on one phase; in this case the two other phases may for a 
short time be subjected to a voltage to carth nearly equal to the full- 
line-voltage. So that whether star or A connection is adopted, the 
insulation should be the same in either case. "This question of A versus 
Y connection is quite complex, and, further, a very big matter that 
cannot be answered offhand. It should be noted, of course, that the 
Y connection is quite a different thing if it be grounded or ungrounded, 
grounded direct or through a resistance, bound with other Y's or 
with A's, etc. 

Mr. A. A. Campbell Swinton inquires whether anybody has con- 
sidered the question in regard to the use of iron or steel conducting 
wires on extra-high-tension overhead lines. The objection to this is. 
that the inductance is too great for main lines. Iron or steel wire can 
be used for small power feeders tapping off extra-high-tension lines, 
but the field is so limited that the authors do not know of апу case 
where it is emploved with the exception of a special application which 
has been adopted in certain towns in conjunction with a series arc- 
lamp svstem. Here, of course, the voltage is comparatively low. In 
the course of his remarks Mr. Swinton assumes that the word “ corona” 
is employed as the American expression for brush discharge. That, 
however, is not the case. Brush discharge is still used to describe the 
same phenomena both in the United States and in this country. The 
word “corona” refers to the crown or ring-like appearance of the glow 
around the wire, which occurs long before a brush discharge com- 
mences. Of course, when the latter occurs, it is very quickly followed 
by a breakdown of the line. 

Dr. M. Kloss refers to the curve (Fig. 13) the authors have given 
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showing the increase of corona losses with an increase of voltage, and 
he is correct in assuming that it follows more than one law. In fact, 
it follows one law in its lower range, another at the point of change, 
and then, after the change, suddenly conforms to a third law. He 
suggests that the flat portion of the curve, up to about 115,000 volts, 
is not due to corona effect at all, but rather represents the watt loss 
of the charging current. This is not the case, for the losses shown 
in the curve are purely due to the corona, the other losses being 
separated out. Further on in the course of his remarks he gave a very 
kind appreciation of the suggestions made by the authors to the effect 
that a line should be operated at a voltage only slightly below the 
critical point, and in this connection they may say that this condition 
has been complied with on one 100,000-volt line, and one 110,000-volt 
line, and so far these lines seem to behave in accordance with all 
anticipations. Referring to the question of the limit of pressure, 
raised by Mr. Cramp, it might be of interest to mention that the line 
illustrated in Fig. 12 has already been operated at a pressure of about 
300,000 volts. Two lines, each of about 400 miles in length, are at 
present under consideration to operate at 165,000 volts, but the authors 
are not at liberty to give any further information regarding them at 
present ; whilst a 250-k.w. transformer has recently been constructed 
for 400,000 volts. Experience shows that all the more serious troubles 
in transmission-line operation occur between 30,000 and 80,000 volts ; 
above and below those points the troubles are very much less. Mr. 
Cramp has misunderstood the information given on page 567 of the paper, 
as the reference there is to steel poles, and not towers. In the latter 
case, naturally, very much longer spans can be obtained, examples 
of which are the St. Joquin river span of about 3,000 ft., and the 
Coquinez Straits span, which is about 4,200 ft., and is the longest 
crossing in the world. 

The authors take the opportunity of expressing their gratification 
at the length of the discussion, and their appreciation of the valuable 
suggestions which have been brought forward by the various speakers 
in the course of the seven meetings which were occupied in the 
discussion of this paper. 

Mr. W. T. Taylor's reply to the discussion on his paper will be 
found in a subsequent number of the journal. 

A vote of thanks to the authors was carried by acclamation. 
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Proceedings of the Five Hundred and Sixteenth 
Ordinary General Meeting of the Institution 
of Electrical Engineers, held on Thursday, 
February 9, 1911—Mr. W. Dupve tt, F.R.S., 
Vice-President, in the chair. 


The minutes of the Ordinary General Meeting, held on January 26, 
1911, were taken as read, and confirmed. 


Messrs. W. P. Digby and J. Е. Heath were appointed scrutineers of 
the ballot for the election of new members, and, at the end of the 
meeting, the following were delared to have been duly elected :— 


ELECTIONS. 
As Members. 
Alex Dow. | Dr. Max Ludwig Kahn. 
As Associale Members. 

John Graeme Balsillic. Walter E. Rogers. 
William Francis B. Bartram. Jacob Carl Russell. 
Walter Henry Bray. Georges Schauli. 
James Greaves Hill. George Hubert Smyth. 
John McCarthy. Francis Powell Talboys. 
Alexander Hill McKay. Jean Eugene Tarby. 
Fred Mellor. Harold Ernest Trent. 
Harold Arthur Neale. William John White. 
Charles Powell. Arthur Evelyn Williams. 


Joseph Henry Wright. 
As Associate. 
James H. Webb. 
As Sludenls. 
Frederick G. Baxter. | | Charles Richard С. Cosens. 


Donations to the Library were announced as having been received 
since the last meeting from W. Brew, S. Hirzel, A. E. Kennelly, J. W. 
Meares, The Phoenix Assurance Co., Ltd., John Smith & Sons, Ltd., 
E. & Е. N. Spon, Ltd.; to the Building Fund from R. H. Burnham, 
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К. A. Dawbarn, F. C. Taylor ; and to the Benevolent Fund from W. К. 
Rawlings, W. C. P. Tapper, the Executors under the will of the late 
Mr. Gustav Byng, to whom the thanks of the meeting were duly 
accorded. 

The adjourned discussion on Mr. W. T. Taylor's paper (1) 
“Modern Long Distance Transmission of Electrical Energy" (sce 
page 510), and Messrs. R. Borlasc Matthews and C. T. Wilkinson's paper 
(2) “ Extra High Pressure Transmission Lines,” was resumed (sce page 
562), and the meeting adjourned at 9.45 p.m. 
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Proceedings of the Five Hundred and Seventeenth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held on February 23, 1911 
—Mr. S. Z. de FERRANTI, President, in the 
chair. 


The minutes of the Ordinary General Mecting, held on February 9, 
1911, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken 
as read, and it was ordered that it should be suspended in the Hall. 


Donations to the Library were announced as having been received 
since the last meeting from Н. К. Kempe, Prof. J. А. Ewing, W. P. May- 
cock, Major W. A. J. O'Meara, Messrs. F. C. & W. H. Smith, The Cam- 
bridge University Press, Messrs. E. & F. N. Spon, Ltd., Messrs. Thc 
Peel Conner Telephone Works, Ltd. ; to the Museum from Sir David 
Salomons, Bart. ; to the Building Fund from A. D. Constable, Dr. C. V. 
Drysdale, S. Z. de Ferranti, T. L. Fisher, C. Hardy, Col. Н. S. Hassard, 
Prof. A. Hay, J. F. Henderson, A. E. Levin, G. C. Lloyd, E. Mercer, 
W. M. Mordey, F. H. Nicholson, A. P. Pyne, S. R. Roget, Sir David 
Salomons, Bart., J. F. C. Snell, A. Stroh ; and to the Benevolent Fund 
from G. Е. Allom, M. S. Chambers, К. A. Chattock, W. C. Clinton, 
V. К. Cornish, B. Davies, J. Devonshire, Н. C. Donovan, B. M. Drake, 
Dr. C. V. Drysdale, K. Edgcumbe, Dr. R. T. Glazebrook, F. E. Gripper, 
Col. Н. S. Hassard, C. C. Hawkins, К. Hedges, J. S. Highfield, Н. A. 
Irvine, E. S. Jacob, Dr. G. Kapp, A. E. Levin, E. Manville, W. Mead, L. B. 
Miller, W. M. Mordey, Major W. A. J.O'Meara, Hon. C. A. Parsons, 
W. Н. Patchell, A. Н. Preece, Sir W. Н. Preece, W. L. Preece, T. Rich, 
К. Robertson, S. К. Roget, W. Н. Scott, A. Siemens, J. F. C. Snell, А. 
Stroh, A. J. Stubbs, F. J. Thompson, A. P. Trotter, H. W. L. Ward, to 
whom the thanks of the mceting were duly accorded. 


The adjourned discussion on Mr. W. T. Taylor's paper (1) * Modern 
Long Distance Transmission of Electrical Energy” (see page 510), 
and Messrs. R. Borlase Matthews and C. T Wilkinson’s paper (2) 
“Extra High-pressure Transmission Lines" (see page 562), was соп: 
cluded, and the meeting adjourned at 10.5 p.m, 
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MERZ-PRICE PROTECTIVE GEAR AND OTHER 
DISCRIMINATIVE APPARATUS FOR ALTER- 
NATING-CURRENT CIRCUITS. 


By K. FAYE-HANSEN and G. HARLOW, Associate Members. 


(Paper received Noveiiber 24, read before the MANCHESTER LOCAL SECTION 
December 20, 1910, and before the BIRMINGHAM LOCAL SECTION on 
Fanuary тт, 1911.) 


This paper is intended to deal only with devices for protection 
against excessive currents and not with protective apparatus which 
deals with over-potential. It must, however, be remembered that exces- 
sive voltages are sometimes caused by hcavy currents, so that effective 
protection against over-currents in many cases prevents dangerous 
voltage rises. 

By discriminative protective devices we refer to those. which have 
been suggested or adopted to cut out faulty apparatus only and to 
leave healthy apparatus in circuit absolutely unaffected by fault 
external to them. | 

For the protection of distributing systems therc are three main 
methods of carrying out discrimination, viz. :-— 


I. Overload time-limit protection. 
2. Reverse energy apparatus. 
3. Merz-Price protective gear. 


Overload Time-limit Prolection.—'The adoption of overload timc-limit 
protection is limited by the number of points in series at which the 
system is to be protected and by the use of ring mains on which over- 
load time-limit apparatus cannot be used, since the number of points in 
series from the generators vary on each side of the ring, depending 
upon, whether the ring main is open at any point, and at which point 
itis open. For instance, referring to the ring main, which, as shown 
diagrammatically in Fig. т, is fed from two generating stations, A and A,, 
it would obviously be impossible to protect such a system by means of 
overload time limits, since the length of the time limit required for 
each breaker in sub-stations S, S,, S,, etc., depends upon which generat- 
ing station is feeding the network, and whether the two of them are 
operating together or not. | 

There are, of course, many cases where the overload time-limit pro- 
tection can be applied very effectively, either with the fixed time-limit 
system or the inverse time-limit system. In many systems à conibina- 
tion of fixed and inverse time limit protection will give every satisfac- 
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tion, the fixed time-limit relays being installed nearest to the power 
station, and the inverse time limits at points further away. The 
advantage of the inverse timc limit is, that it will operate quicker the 
heavier the fault. For protection of points in series, this is a disadvan- 
tage, as in case of heavy fault the switches will all operate at the same 
time, so that no discrimination takes place. With fixed time limits the 
speed of the operation is independent of the size of fault, so that it 1s 
easy to obtain discriminative action, but for the points near the power- 
station the time taken to operate will have to be made longer than 
desirable should there be many points in series. A combination of 
fixed and inverse time limits makes it possible to have more points in 
series without the time limit ncarest the generating station having too 
long a setting. One objection to all time-limit systems (particularly 
those with fixed time limits) is thata fault is not immediately cut out, 
but has time to increase, so that the cables or apparatus may sufler 
morc than if instantaneous protection is adopted. It may also mean 


FIG. I. 


that surges are set up when the fault is cut out, causing damage to the 
insulation of diffcrent parts of the system.* 

Reverse Energy Apparatus.—Reverse energy protection can only be 
used where power is flowing in one direction alone when the section 
protected is healthy, and cannot therefore be used in interconnectors, 
ring mains, etc., where the power may reverse under normal working 
conditions, depending upon the distribution of the load and whetherthe 
ring main is open at any point or not. There is further the well-known 
objection to reverse energy relays, that their operation is endangered 
by the large drop in voltage in casc of a heavy fault. 'This argument 
against reverse energy relays has probably been over-emphasised in 
proportion to its importance, as there exist means of reducing the risk 
to a minimum. 

. Reverse energy protection is mainly used at the incoming (power 
receiving) end of parallel feeders, or in connection with alternators, 

* For a full discussion of overload time-limit protection, see C. C. Garrard, Joumal 


of the Institution of Electrical Engineers, vol. 41, pp. 588—633, 1908 ; and L. Andrews. 
ibid., vol. 34, pp. 438-404, 1904. 
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motors-generators, etc., working in parallel. Reverse energy relays 
have been described and discussed * so often and fully that it would be 
superfluous here to re-state thcir merits or demerits. 

Merz-Price Protective Gear.—As is well known, this protective gear 
is based upon the fact that the currents (or the energy) flowing in and 
out of apparatus or cables аге equal (neglecting losses) In case of 
fault, however, this condition is changed, and the change is utiliscd 
for the operation of the switches. This protective gear is therefore 
inherently a discriminative system, while all the others can only be 
made so by skilful adaptation. 

The protective gear described has the great advantage that only 
faulty apparatus is cut out of circuit, and this is accomplished instan- 
taneously. It can be used for nearly all conditions, and its general 
use is mainly limited by the necessity for pilot wires and the cost which 
these entail. The gear is shown in its simplest form in Fig. 2, which 
illustrates the protection of a single-phase transformer, there being two 


Frotected Transformer 


Primary 


Series Transf" 


Trip coil 


FIG. 2. 


scries transformers, one in the primary and one in the secondary of the 
protected transformer. These two series transformers are arranged 
so that their secondary currents are equal, and flow in the same direc- 
tion round the local circuit formed by their two windings. The whole 
E.M.F. of this secondary circuit is consumed in overcoming the 
internal impedance of the two series transformers, since the resistance 
of the connecting leads between the secondaries can be made negli- 
gible. Hence, if trip coils be connected across the secondary circuit, 
as shown, no current will flow through them, because no potential 
exists across the two points а and b, so long as the currents in the 
protected transformer flow in a normal direction and have the normal 
ratio. Should, however, the ratio between primary and secondary 
currents of the protected transformer be changed, as will happen when 
a fault occurs in the transformer, the secondary currents of the two 
series transformers will differ in value or phase, or both, and this 
vectorial difference will flow through the trip coils and, if large enough, 
operate them. Itis easy to pre-determine the fault current (in percentage 


* See L. Andrews and C. C. Garrard, loc cil. 
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of the full-load primary or secondary currents) necessary to operate the 
trip coils, as tlie ratio of the series transformers remains constant, pro- 
viding they are large enough to furnish the necessary volt-amperes for 
operating the trip coils. It is, of course, possible to design the gear to 
trip at as large or as small a fault current as desired, but the series 
transformers will have to be larger the smaller the fault current 
required for operating, compared with the standard full-load current 
passing through the circuit. The reason for this is that the series 
transformers have to give a certain output at the moment of trip- 
ping, while the currents they have to carry at normal full load are 
correspondingly higher if the tripping current is less than the normal 
full-load current. 

Another form of the protective gear, the so-called “ Magnetic 
Balance System," is shown in Fig. 3. The series transformers arc 
designed so that their secondary currents normally are cqual, and the 
windings of the “ balancing transformers" are made in such а way that 


Protected Transformer 


the resulting ampere-turns on the core are zero, as long as no fault 
occurs. Under these circumstances no current will flow through the 
trip-coil circuit, as no electromotive force is induccd in the winding 
connected to the coils. If a fault occurs, however, the amperc-turns on 
the two legs of the balancing transformer will be unbalanced, there 
will therefore be induced an electromotive force in the winding in series 
with the trip coils, and providing the fault current is large enough, 
the trip coil will operate. If the series transformers and balanced 
transformers are large the current through the trip coils will again bc 
proportional to the fault current. This method of protection was 
adopted in practice before the balanced current system, but has no 
advantage over it, and requires an extra transformer. In both systems 
instruments, relays, etc.. may be connected in the secondary circuits of 
the scries transformers if desired. 

In Figs. 2 and 3 the trip coils are shown connected in parallel, 
but can equally wcll be connected in series. 

Fig. 4 shows the balanced current system adapted to a single-phase 
feeder. In this case the resistance of the pilot wires between the 
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secondaries of the two series transformers is not negligible, so it is 
necessary to connect the trip coils to points which have the same 
potential when the feeder is healthy. There is an infinite number 
of pairs of such equipotential points of which the two points midway 
between the series transformers form one, and the points a and 5 
another. It will be noted that for this connection three pilot wires of 
the total length of the distance between the feeder ends are required 
for the protection of a single-pole single-phase feeder. It will also be 
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noted that in case of a fault the series transformer will have to 
force the trip current through these pilot wires in addition to the trip 
coils. In this diagram the two trip coils have been shown connected 
in series. If connected in parallel one pilot wire more would be 
required; this is shown in Fig. 2 for transformer protection. In 
the parallel connection both trip coils are likely to operate together, 
since if one starts before the other it will take less current, and 
the backward coil will receive correspondingly more, its tripping 
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action being hastened. In the series connection the current will 
remain the same in both trip coils, so that the trip coil which starts 
to operate first will take the highest voltage and therefore have the 
largest pull. Compared with the saving of a pilot wire for fecder 
protection this point is of no importance. On account of the extra 
pilot wires, etc., the balanced current system has, to Ше authors' 
knowledge, never been used in practice in conjunction with feeder 
protection. For this service a balanced voltage system, as shown in 
Fig. 5, has been invariably used. "This diagram shows the arrange- 
ment for a single-phase single-polc system, and in this case the 
secondaries of the series transformers arc connected in such a manner 
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that they oppose each other when current is flowing through a healthy 
feeder. These series transformers have to be adjusted so that the 
secondary voltages induced in both are identical in magnitude and 
phase at all primary currents. With such transformers no current 
will flow through the pilot wires or relays so long as the feeder is 
healthy. If, however, a fault occurs in the feeder between the two 
series transformers, the current flowing in the primary of these will 
be different in amount or phase, or both, and hence in the secondaries 
of the series transformers the electromotive forces will also be 
different. This difference in E.M.F. will force a current through the 
pilot wires, relays, and secondaries of the series transformers, which 
current, when large enough, will operate the relays and close the 
battery circuit through the trip coil. In this system it is not so easy lo 
predetermine the fault current at which the relay will operate, as 
the fault current in one series transformer must induce an electro- 
motive force large enough to overcome the impedance of the com- 
paratively long pilot wires, the relays, and also of the other series 
transformer, so that the magnetising current of the series transformers 
will be a large part of the primary fault current; if therefore the relays 
are not designed for a comparatively low volt-ampere operating 
capacity, the series transformers must be very large. This is the 
reason why in Fig. 5 a relay is shown in conjunction with the protective | 
gear, while in the other cases it is proposed to operate the trip coil 
direct from the secondary of the series transformer without the use 
of any relay. It is possible, of course, in case of the balanced voltage 
system, to use trip coils direct in the circuit as shown in Fig. 6, and for 
very short feeders this arrangement can be adopted without too large 
series transformers being required. The balanced voltage system is 
similar to the balanced current system in that the series transformers 
have to be made larger if it is desired that the gear shall operate at 
a fault current small compared with the normal full-load current. 

Fig. 7 shows the balanced current mcthod adapted to the protection 
of a star-wound 3-phase alternator. It will be noticed that three of 
the series transformers are located at the star-point of the machine, 
and hence it is necessary cither to mount the series transformers 
adjacent to the alternator or to bring the three leads from the star- 
point of the generator to the switchboard and make the connection in 
the cubicles. 

In Fig. 8 is shown the protection of a delta-wound 3-phase alter- 
nator ; this requires the mounting of all six series transformers adjacent 
to the machine, or the carrying of six leads from the gencrator. When 
used for generators the Merz-Price gear can only protect against fault 
to earth or between phases, but does not take care of breakdown 
between different parts of one phase or loss of ficld or loss of power, 
so that we do not recommend its use for generators. 

The protection of a 3-phase transformer connected star to delta is 
shown in Fig. 9, and here it is necessary to connect the series trans- 
formers star to delta in the reverse manner to that in which the main 


1910.] GEAR FOR ALTERNATING-CURRENT CIRCUITS. 677 
4 r 
Series Transf! 


Trip Coil 
Fic. 6. 


SeriesTransf"s Generator Coils 


FIG. 7.—y-wound Generator. 


Generator Coils 
SeriesIransf'$ 


Fic. 9.—y-4 Transformer. 


678 FAYE-HANSEN AND HARLOW: PROTECTIVE [Dec. 20th, 


transformers are connected, that is to say, where the main transformer 
is connected in delta the series transformers are connected in star and 
vice versá. Another method of connection would be to kave the 
series transformers inside the delta of the main transformer bringing 
out six Jeads, the secondaries of the series transformers having then 
the same connections on both sides. The fuses shown are necessarv 
to prevent the rush of magnetising current during switching opera- 
tions (which, of course, flows in the primary side of the transformer 
only) from passing through the trip coils and tripping the switch. 
Experience has shown that this is necessary for both polyphase and 
single-phase transformers, though the fuse is not shown in Figs. 2 
and 3. Normally, these fuses carry only a current proportional to the 
magnetising current of the transformer. In case of transformers 
having tappings it is necessary to bring out corresponding tappings on 
the series transformers in order that the ratio of the series trans- 


Series IransfS 


FIG. 10.—y-y Transformer with Tappings on High-tension Side. 


formers may be changed when the voltage ratios of the main trans- 
formers are altered, otherwise the gear will operate at heavy overloads. 

Fig. то shows an arrangement for a 3-phase transformer connected 
star to star with tappings on the high-tension side of the protected 
transformer and on the secondary side of the low-tension series 
transformers. | 

In the above cases the balanced current and balanced magnetic 
systems have been shown applied to the protection of transformers and 
generators and the balanced voltage system with relays applied to the 
protection of feeders. 

Any of the systems can be used for the protection of gencrators, 
transformers, or feeders, and thcir application depends upon cha- 
racteristics which will now be discussed generally. 

Break in Pilot Wire Circuit.—A breakage in the pilot wire circuit 
prevents the operation of the balanced voltage system in case of fault, 
and is difficult to locate without frequent testing of the pilot wires. 
Such a breakage with the balanced current system ог balanced 
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magnctic system results in the immediate isolation of the section in 
which the fault occurs. 

The above results are advantageous or disadvantageous depending 
entirely on local conditions. As the protective gear is gencrally used 
in connection with at least a duplicate supply, it is probably advan- 
tageous to have an unprotected section immediately disconnected, 
since one source of supply is still available and all possibility of false 
security is removed. 

Break in Trip Coil or Trip Coil Circuit.—Such a break renders all 
systems inoperative. 

Balancing of Transformers.—This must be most carefully carried out 
on the balanced voltage system, whilst in the balanced current system 
there is no necessity for such accurate balancing, as the ratio of the 
series transformers decides this point, provided the transformers are 
chosen of a size suitable for the work. 

Use of System for other Purposes than Proleclion.—The balanced 
voltage system can be used for protection only, whereas the balanced 
current or magnetic systems may be used in many cases for measuring 
purposes in connection with instruments. 

Losses due lo various Systems.—' These are in most cases negligible, 
and take the form of copper losses in the pilot wires for the balanced 
current or magnetic system, and iron losses in the series transformers 
for the balanced voltage system. 

Power required to Operate.—This point is fully discussed later, but 
taking the same size of relays or trip coils, the balanced current and 
magnetic systems require less power than the balanced voltage system ; 
this is duc to the fact that the operating series transformers on the 
latter system have to overcome the impedance of the opposing series 
transformers, in addition to the relays or trip coils, whereas in the 
former system the impedance of the relay or trip coil only has to be 
overcome. 

The authors belicve the reasons stated prove that the balanced 
current system, wherever applicable, has an advantage compared with 
the balanced voltage system, if it is possible to adopt it without an 
increase in cost. This can be done without difficulty in the protection 
of stationary apparatus where the length of pilot wire is small, so that 
the balanced current or magnetic systems are usually adopted for this 
service. | 

In the diagrams for the protection of generators and transformers, 
the trip coil is shown as being directly operated by the fault current 
without the use of relays, while in the case of the feeder protection a 
relay which closes an auxiliary tripping circuit is shown. This auxiliary 
tripping circuit can be operated either from a direct-current circuit or 
from an alternating-current circuit, but it must be remembered that in 
case of a short, the voltage on the feeder will be very considerably 
reduced, so that in no case is it advisable to use a voltage transformer 
connected across the main alternating-current circuit for tripping 
purposes. 
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It is evident that there is an advantage in having the tripping gear 
directly.operated from the fault current without any relay or auxiliary 
tripping circuit, for by this means the operation will be more rapid, and 
two links which might fail are avoided—i.e., the relay and battery. In 
the case of protection of generators, transformers, etc., the direct 
operation of the trip coil from the fault current can be obtained without 
excessively large series transformers, and without causing excessively 
high voltage in the tripping circuit. The method of direct tripping 
should therefore be adopted in all cases for such protection. In case 
of the balanced voltage system, as stated previously, for the protection 
of feeders, however, the series transformers would have to be very large 
i£ the trip coils of the switches were directly operated by the current 
flowing in thc pilot wires, and in case of long feeders the voltage 
required in the pilot circuit for operation of the trip coils would also be 
very high, as it is not possible to construct trip coils which will operate 
at such low volt-amperes as relays. Thus the standard method adopted 
hitherto has bcen to have relays iu the pilot wires for closing the 
auxiliary tripping circuit. This auxiliary tripping circuit is usually 
energised by means of primary batteries or accumulators in the sub- 
station, and it is very essential that the batteries be given a great deal 
of attention, as otherwise they might fail to give the required voltage 
for tripping in casc of fault. 

Later, a method is described which renders possible the protection 
of feeders on the Merz-Price system without the usc of relays or 
batteries, and without the volt-amperes required becoming too high. 
Before going into these connections, however, it is proposed to dcal 
more fully with the points, which have to be specially considered, when 
designing the gear for the protection of distributing system, referring 
specially to the balanced voltage method. The special points to be 
kept in mind in deciding on the suitability of this protective apparatus 
to deal effectually with all kinds of faults, and yet to remain inoperative 
under all conditions of overload or surges, are :— 


I. The fault current at which the gear is to operate must be 
well within that expected in case of breakdown when the 
minimum plant is running in the generating station. This 
means that the voltage induced in the secondary of the 
series transformer due to a fault, when the minimum plant 
is in operation, must be sufficient to force the current 
required for operation through the pilot wires, opposing 
transformers and relays (or trip coils). 

2. The maximum short-circuit current to be expected through a 
healthy feeder when the maximum available plant on the 
system is in operation, should not be large enough to raise 
the voltage between the pilot wires to a value endangering 
the safety of the pilot-wire insulation, or to cause a capacity 
current in the pilot-wire circuit sufficient to operate the 
relays. Considerable margin must be allowed for any extra- 


1910.) GEAR FOR ALTERNATING-CURRENT CIRCUITS. 681 


ordinary high-frequency phenomena which may be expected 
on the system. 

2. The series transformer secondary voltages have to be balanced 
with extreme accuracy against each other, so that even 
under the conditions mentioned under point (2) they will 
not be able to force enough current through the pilot-wire 
circuit to trip the relays. 


Considering point (1) in connection with a 3-phase system protected 
as shown in Fig. 13, it should be noted that a different size of fault 
current is required for tripping, depending upon whether the feeder 
is fed from both points А and B (“ both ended”), or from one side only, 
say from A (“dead ended"). The former case corresponds to a ring 
main entirely closed, as for instance, in Fig. r, when the switches in 
all the sub-stations, S, S,, S,, etc., are closed, and the latter to the 
case of a single feeder into which the upper half of the ring main in 
Fig. 1 is converted should, for instance, the switch in S, be opencd. 
The difference in the two values depends to a large extent on the 
impedance of the series transformer. Further, a different fault current 
is required to operate, depending on whether the fault occurs between 
two phases or from one phase to earth. 

Generally the fault current required to trip is greatest in the case of 
a fault to earth feeding “dead ended," as then the fault current only 
produces voltage on the secondary of one series transformer, and this 
voltage has to force the operating current through the relays, pilot 
wires, and opposing transformers. The total impedance it has to 
overcome corresponds to 3 relays, 2 series transformers, and a 
resistance 14 times that of each pilot wire. In the pilot wire corre- 
sponding to the faulty phase the full operating current will flow, and in 
the other two pilot wires half this value. 

For a fault between phases feeding “  dead-ended ” the fault current 
induces voltage in the secondary of two scries transformers and the 
impedance to be overcome consists of 4 relays, 2 transformers, and 
2 pilot wires. Though the impedance is somewhat increased the load 
is now divided between two series transformers, so that a smaller fault 
current is required for operation. 

For a fault to earth feeding “ both ended,” assuming the fault current 
to flow in equally from sides A and B, then two series transformers 
again divide the load and the impedance to be overcome corresponds 
to 3 relays, 1 series transformer, and a resistance 14 times that of each 
pilot wire. 

It will be seen that the resistance to the operating current is 
somewhat smaller than in case of a fault to earth feeding “dead 
ended," and the load is divided between two series transformers, each, 
however, only being energised by half the total fault current. If the 
fault current does not divide equally from both sides, then the con- 
ditions lie between those described aboye and those for the case of a 
fault to earth “ dead ended,” 
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For a fault between phases feeding “ both ended,’ 4 series trans- 
formers produce voltage and the impedance of the pilot circuit consists 
of 4 relays and 2 pilot wires. 

The ratio between the values of fault current required for operation 
under the four conditions given above depend entirely upon the relative 
impedance of the transformer and relays compared with the resistance 
of the pilot wires. Some typical relative values are given in Curve 1, 
which shows test results, and also in Table A. 

In badly designed systems it may easily happen that the gear will 
operate when fed from both ends, but will not operate “ асаа ended." 
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CURVE I. 


In connection with this it should be noted that the fault to earth 
is often limited by a resistance in the neutral of the generator or 
generators. 

Passing now to point 2, the voltage between pilot wires, in the 
opinion of the authors, should not, under the heaviest conditions of 
short circuit, exceed 700 to 800 volts. Of course, it is possible to adopt 
high-tension pilot wires, but in doing so a further element of risk is 
imparted to the circuit in the increased probability of the pilot wires 
breaking down, and the further danger of handling the pilot wire circuit 
whilst load is on the feeders. The capacity current to be expected in 
the typical 3-core pilot wire cable, commonly used in connection with 
feeder protection, is given in Curve 2, for lengths of pilot wires up to 
Io miles at a periodicity of 50, The general characteristics of the pilot 
cable arc as follows ;— 
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(a) Size of each core 7/214 S.W.G. Low-tension 3-core cable, 
paper insulated and plain lead covered. 

(b) Capacity of any one соге to the other two connected to earth, 
0'27 microfarad per mile, and of the three cores bunched 
together to the lead approximately 0:51 microfarad per milc. 

(с) Self-induction of one core, 0°53 millihenry per mile. 

(d) Resistance per mile of each conductor, 8:7 ohms at 20? C. 

(e) Thickness of dielectric between conductors and between con- 
ductors and lead, с'од in. 

(/) Insulation test guaranteed by the makers, 2,500 volts. 


From Curve No. 2 it will be seen that in a feeder 6 miles long the 
maximum capacity current to be expected in the pilot circuit on a 
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So-period circuit would be o'2 ampere with 700 volts between the pilot 
wires, half of this being supplied from the series transformers at each 
end. 

The authors consider that the current at which the relays operate 
should not be less than about four times the maximum capacity current, 
thus the minimum current at which the relays can be set to trip for a 
6-mile feeder would be o'4 ampere, providing the design is for 700 volts 
maximum voltage. If the maximum voltage obtainable is less or the 
feeder shorter the relays can be set correspondingly lower. 

The fairly large factor of safety of 4 has been chosen to allow for 
any possible high-frequency phenomena and the slight unavoidable lack 
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of balance between the series transformers. It may be that systems 
are working satisfactorily with lower factors of safety, as with this figure 
no difficulty has been experienced. 

Regarding point 3, this is mainly a question of accurate testing and 
adjustment of the magnetic circuit of the series transformers. It is not 
sufficient to measure the secondary voltage of a series transformer at a 
given primary current and then assume all series transformers tested in 
this way will balance with one another. Each transformer must be 
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tested against a standard back to back, that is to say, the method of 
testing shown in Fig. 11 (a) should be used ; here it will be seen that the 
voltage measured is the actual vectorial difference in voltage between 
the two secondary windings, with the same currents flowing through the 
primaries. Even with this method there must be slight differences in 
voltage, as it is not possible to tell whether the transformer under test 
has a smaller phasc angle than the standard or a greater one, and hence 
some allowance must be made for a slight difference in balance, though 
this should be reduced to a minimum. It is worthy of note that even 
if two transformers should have exactly the same secondary voltage 
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with the same primary currents, still the phase difference of the 
secondary voltage may be sufficient to cause tripping at heavy overloads 
should these two transformers be connected back to back. The vector 
diagram for such differences is shown in Fig. 11 (b), where the line A B 
represents the phase of the current and the line AZ the secondary 
voltage produced by this current in the standard transformer. The 
transformers tested against this standard may have such secondary 
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voltages as A X and AY ; each of these voltages agree numerically with 
А 7, but the vectorial difference in voltage between the points X and Y 
may be quite appreciable, and can only be reduced to an allowable 
value by careful manufacture and adjustment. 

The above remarks have been made with special reference to the 
arrangement shown in Fig. 13, where three pilot wires and three relays at 
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cach end are used, but they сап be applied generally to any balanced volt- 
age arrangement, such as, for instance, the one shown in Fig. 19. Here 
only two pilot wires are used and one relay at each end, thus effecting 
considerable economy. If with these connections a fault should occur 
.between phases 1 and 3, then the secondary voltages of transformers 
in these phases oppose one another, and if they were equal no current 
would flow through the trip circuit. ‘To overcome this it is necessary 
to make one of the series transformers at each end with a higher or 
lower secondary voltage than that of the remainder of {һе series 
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transformers at each end ; or the arrangement shown using two scries 
transformers in one phase may be used. By this means the arrange- 
ment can be made to operate quite satisfactorily ; but if we consider 
the case of a fault to earth on one phase (2 or 3) it will be seen that 
the value of the primary tripping current must be higher than for the 
arrangement in Fig. 13 (if the samc gear, transformer and relays are 
used), as the impedance to be overcome consists of 2 relays, 7 series 
transformers, and 2 pilot wires. By suitable design, however, the 
system can be made to operate at the same maximum value of fault 
current as the 3-pilot wire arrangement, though, of course, larger series 
transformers and higher operating voltages are required. With this 
connection it is of interest to note that tne fault current required for 
tripping varies, depending upon which phase to earth the fault occurs, 
or between which phases the fault takes place. However, when the 
maximum fault current required to trip is within the advisable limit, the 
variation is not of any importance. 
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Alternaling-current Tripping.—The reliability of the balanced voltage 
system can be increased and the maintenance reduced if in place of 
direct-current tripping alternating-current tripping be adopted where 
the tripping is directly dependent on the current flowing under fault 
conditions. This can be carried out by using special series trans- 
formers in each phase for tripping, the relays closing the circuit of 
these transformers through the trip coils, or preferably as shown 
in Fig. 12 for a single-phase system, and in Fig. 14 for a 3-phasc 
system. The trip coils are shown shunted across the series transformer 
secondaries through the relays. A special point to be considered with 
this connection is that the series transformers, in case of a fault fed 
from both ends, assist each other to force current in the same direction 
through thc pilot wires, and the voltage across tlie series transformers— 
that is, across the trip coils— will depend upon the resistance of the 
pilot wires. If thisis too low, very high fault currents are required for 
tripping, so that for short feeders an artificial resistance is required, as 
shown in the diagrams. Against the use of alternating-current trip it 
has been urged that the relays require to be more robust, due to the 
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grcater volt-amperes rcquired by the alternating-current trip coil ; but 
this is not really important, particularly as the relays have only to close 
the circuit and not to break any current. 

Balanced Current Protection for Feeders.—A further improvement and 
reduction in maintenance for the Merz-Price protection is obtained by 
an arrangement which does away with both relays and batteries, and 
which approaches the simple conditions existing when the gear is 
applied to transformers. This method is shown diagrammatically in 
Figs. 22 to 24 for single- and 3-phase cases. Referring to the single- 
phase case of Fig. 22, it will be seen that the principle is that of the 
balanced current system whereby equipotential points (under healthy 
conditions) are obtained in cach station by means of tappings from the 
transformers, secondaries and additional resistances. In the diagram 
the centre point of each transformer is shown connected to the end of 
a small resistance, which resistance is equal or approximately equal to 
the resistance of one of the pilot wires. Under normal conditions of 
operation, the middle point of the secondary of the series transformers 
is at the same potential as the end of the resistance, and consequently 
the trip coil may be connected across these two points without any 
danger of tripping under all conditions of load. Immediately a fault 
occurs in the section of the feeder protected by the two series trans- 
formers, the middle point of the series transformer and the end of the 
resistance are no longer equipotential points, and current flows through 
the trip coil thus tripping the switch. It should be noted that it is not 
necessary to connect the end point of the resistance to the middle 
point of the series transformer, but that several points of equipotential 
occur in series transformer and resistance, and the trip coil may be 
connected across any of these points; for instance, one-third of the 
resistance may be connected to one-third of the secondary winding 
of the series transformer, or three-fourths of the resistance and thc 
secondary winding of the series transformer may be connected. 

'This method of tripping (for which patent rights have been sought) 
has, in the opinion of the authors, advantages over those previously 
proposed, which may be recapitulated as follows :— 


I. No relays are necessary, these being replaced by small resist- 
ances. The fact that no relays are required apart from the 
question of reliability and maintenance is advantageous, in 
that, when this protection is used in fiery mines, there is no 
danger from the spark caused by the operation of the relay. 

2. The direct.current tripping requiring batteries is entirely 
abolished. 

3. There is no necessity for the accurate balance of the secondary 
voltages of the series transformers, and hence series trans- 
formers throughout tbe system can easily be interchanged, 
and there is no possibility of the balance being disturbed duc 
to mechanical injury or bad handling of thc series trans- 
former. Further, there is no danger of the transformers 
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supplied for extensions, say, ten years after the original 
installation, being out of balance. 

4. А break in the pilot wires immediately results in the feeder 
being cut off, thus doing away with any possibility of false 
security. 


Fig. 23 shows one method of adopting this to a 3-phase circuit 
using three pilot wires, but the authors have not used this connection 
as standard, since the arrangement of Fig. 24 gives equally good results, 
using only two pilot wires and one trip coil at cach end. For the 
connection with two pilot wires it is (as previously described in the 
balance voltage system with two pilot wires) necessary to make 
the transformer in one of the phases different in ratio and output 
to the others, or to use two series transformers in one phase. 

Detailed Comparison of the various Systems.—For a comparison of 
the various connections described, it is necessary to make common 
assumptions with regard to— 


1. The fault current required to trip under the least favourable 
conditions in percentage to the full-load current of the 
feeder. 

2. The ratio between the secondary voltage of the serics trans- 
former when full-load current is flowing through the feeder 
and the voltage obtained when the maximum short-circuit 
current flows through a healthy section. 

3. The length of feeder and size of pilot wire. 

4. The safety against tripping due to capacity currents in the pilot 
wire. 

s. Volt-ampcre capacity of the relays and trip coils. 


The comparison should consist of :— 


т. The maximum voltage between the pilot wires under the 
heaviest fault conditions and when normal load is on the 
feeder. 

2. The size, that is, the volt-ampere capacity of the series trans- 
former. ‘This is of importance, not only from a point of 
view of cost, but particularly with regard to accommodation 
in existing sub-stations. 

3. General amount of apparatus required, number of transformers, 
pilot wires, relays, etc. 


In the comparison given in Table A the authors have assumed that 
the gear is required to operate at a fault current equal to the normal 
full-load current of the feeder takeu as 200 amperes ; also that the 
maximum current flowing under short circuit will be in the neighbour- 
hood of 6,000 amperes or 30 times the full-load current in the feedcr. 
This corresponds to an actual system of 6,600 volts, 3-phase, 50 periods, 
leaving a total capacity of plant 10,000 k.w. and smallest generator 
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plant running of 2,000 k.w. with a resistance in the neutral not allowing 
much more than the full-load feeder current (200 amperes) to flow 
through a fault to earth. 

The authors have further assumed that the saturation in the iron of 
the series transformers is chosen so that at the maximum fault 
current mentioned (6,000 amperes) the secondary voltage will be 
approximately five times larger than the voltage when normal full-load 
current is flowing through the feeder. 

The pilot wires adopted are of the kind described earlier, having 
0°005 sq. in. section and a length of feeder оѓ 6 miles has been assumed ; 
this length may be somewhat on the high side for most systems, but 
the gear made suitable for 6 miles will certainly operate satisfactorily 
for shorter feeders. 

The factor of safety against tripping due to capacity current in the 
pilot wires has been taken as 4; the volt-amperes to open the relays 
0'9 volt-ampere, and the trip coils 30 volt-amperes to commence opera- 
tion, while the volt-amperes of these at the operating current with the 
plunger up has been taken as 8o volt-amperes. The figures for the 
relays and trip coils may perhaps be reduced somewhat, whereby the 
maximum volts between pilot wires and the output of the series 
transformers could be reduced, but this can only be done to any 
appreciable extent by making the relays extremely delicate and 
increasing the danger that the trip coil would not furnish a suffi- 
ciently strong blow to trip the switches should these become stiff in 
operation. 

Referring to columns т in Table A for “direct-current trip with 
relays and 3 pilot wires" (Fig. 15), it will be seen that extremely small 
transformers are required for tripping. Under normal full-load con- 
ditions the input to the series transformer is only 41 volt-amperes on 
the primary, while the secondary output is negligible. When it is 
realised that a series transformer having the dimensions of Fig. 30 is 
large enough for an input of 250 volt-amperes at normal full-load 
current, it will be obvious that a series transformer of 40 volt-amperes 
can be made very small indeed. The maximum voltage between pilot 
wires with 6,000 amperes flowing through the primary is only 395 volts, 
the maximum pressure for tripping 33 volts, and the current in the pilot 
wires to trip the relay o2 ampere. The fault current from the system 
required to trip is highest for the cases of “fault to carth dead ended" 
and “fault to earth both ended" being the same for both cases. In 
the latter case, however, the current through each series transformer is 
only half the total fault current, and the voltage required for tripping 
is 13 against 33. For a “fault between phases dead ended" and 
“fault between phases both ended” the fault current is also the same, 
I30 amperes, and is approximately 65 per cent. of that for the other 
two cases. Comparing the figures with those for alternating-current 
trip with relays balanced voltage 3 pilot wires (Fig. 14) given in 
columns 2, it will be seen that the output of the series transformer is 
considerably increased, but the size required is still of the same order 
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as that of thc transformer in Fig. 30—that is to say, a normal-sized 
series transformer. The output is, of course, increased as the series 
transformers have to furnish sufficient power to operate the trip coils. 
The maximum possible voltage between pilot wires rises to 780, the 
tripping volts to 66, and the relay current to оҷ. The 789 volts would 
only occur with 6,000 amperes short-circuit current flowing through a 
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healthy section. The maximum fault current required to trip is in the 
“ fault to carth both ended” case, but the valuc is not greatly in excess 
of that required for a“ fault betwcen phases feeding both ended." The 
tripping currents required for the “ both ended ” faults are much higher 
than for the “dead ended” faults, due to the fact that for the latter 
cases the trip coil at onc end only is operated, while in the former, the 
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trip coils at both ends are operated ; and further, in the former case more 
current flows round the pilot wires without passing through the trip 
coils. To obtain the above results the pilot wires must be 6 miles in 
length, or their resistance increased by artificial resistances to a value 
equal to that of 6 miles of pilot wirc, otherwise, as pointed out on 
page 686, the current in the pilot wires will flow round the circuit 
instead of going through the trip coils. Further, it should be noticed 
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that the relays will close at considerably lower values of fault current 
than the trip coils. Thus the relays may be closed some little time 
before the trip coils operate, but the figures given for fault currents refer 
to those required for operation of the trip coils. From the above 
figures it is evident this method of alternating-current tripping can be 
adopted effectively. 

Columns 3 refer to “alternating-current tripping without relays, 
balanced voltage 3 pilot wires" (Fig. 15), and the results indicate that 
this connection cannot be used except for short feeders. For the 
6-mile fecder under consideration, the maximum voltage to be ex- 
pected is 2,940 volts, and the input of series transformers at normal 
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full-load current is 2,150 volt-amperes. The voltage of 2,940 is too 
high, and would necessitate high-tension pilot wires, whilst a series 
transformer of the size stated would be rather difficult to accommodate 
in cubicles. 

On 25-period circuits the conditions are more favourable since the 
tripping volts required are very much lower, due to the volt-amperes 
of the trip coils being lower and the capacity currents in the pilot wires 
being halved. 

Passing to “alternating-current trip balanced current without 
relays 2 pilot wires, columns 4, which refer to the connection of 
Fig. 24, the normal input of the series transformer is 125 volt-amperes, 
which can be obtained casily from a transformer having the dimensions 
of Fig. 30, though in this case the primary and secondary windings 
have to be for the same volt-ampere capacity. 
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The maximum possible volts are 625, and the tripping volts 200. 
The safety with regard to capacity currents is particularly great with 
this method of tripping, owing to the large difference between the 
operating current and the capacity current, and to the fact that this 
small capacity current does not flow through the trip coils. 

Recapitulating the above comparison, it may be stated that the 
methods of tripping for which figures are given in columns 1, 2, and 4, 
may all be used satisfactorily, provided the necessary attention is paid 
to the design of the apparatus and the characteristics of the system 
to which they are applied carefully studied. The advantages and 
disadvantages of the various methods have been given earlier in the 
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With regard to the connection of column 3, it is extremely unlikely 
that this can be applied successfully for the universal protection of 
any system, though it might be applied to certain sections of a 
system. This, however, would not be a wise procedure since the 
method of protection throughout any system should be capable of 
application over the whole of the system, in order to prevent compli- 
cations and to decrease the number of spares carried in stock. 
Further, it should be remembered when balanced voltage systems are 
used that ten or even twenty years from the time of the original 
installation, it must be possible to supply transformers balancing exactly 
with those installed originally, and the difficulty of obtaining these is 
increased if various inethods of tripping are adopted on onc distribution 
system. 

It is interesting to take the series transformers of column т and apply 
them to the 2-pilot wire connection shown in Fig. 19. "This is done 
by using two transformers in one phase. The maximum possible volts 
between phases become 595 in place of 395, and thc safety is reduced 
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from 4 to 2'3, according to the figures furnished by the makers 
for the capacity of 3-core and 2-core pilot wires. Further, the 
tripping current is in the worst case increased from 200 to 375 
amperes, i.c, an increase of 87 per cent. Consequently, such appli- 
cations should be made with extreme care, and if gear is designed 
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to work with 3 pilot wires and has a low factor of safety under 
those conditions, it is obvious that using the same gear with 2 
pilot wires the danger of tripping on overload is greatly accentuated. 

Branch Feeders—When a feeder is branched from one of the 
sections. equipped with the protective gear there are two ways of 


Branch 
Feeder 


Series Transf"S : | ! 
——» Mai n | : ———» 


<—\ $ Feeder Гү E = 


Du] 795719 
Lwwm ] d 7 ED > 


?IripCoil Š = Babbery 
FIG. 20 


ШШ 
| 


dealing with it; either the current flowing through the tapping can 
be treated as fault current and the relays on the section set so that 
they will not trip with the maximum amount of load current flowing 
through the branch, as shown in Fig. 20, or the three points may be 
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connected up in series, as in Fig. 17, and the voltage of the three 
points balanced instead of two in the ordinary case. Of course, if the 
tapping is very large and the service an important one, it will be 
necessary entirely to protect the points in a similar manner to a sub- 
station, as shown in Fig. 18, for a single-phase case. Taking first the 
сазе of the unprotected joint, it will be seen that such an arrangement 
could only be adapted successfully for branches taking a small amount 
of power ; for instance, in Table А it will be noticed that when thc 
feeder is fed from onc end the amount of full-load current required to 
trip is 127 amperes, and hence immediately the current through the 
branch feeder exceeds this amount (for instance, due to a fault at any 
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point supplied from this feeder) the entire section from which the 
branch is tapped will be cut off. 

For the second method of protection (Fig. 17) it is important that 
the transformers have straight-line characteristics, even at heavy over- 
loads, since it is only by this means that tlie voltage at the various 
points will be proportional to the currents and the sum of these voltages 
equal to zero. Consequently for such protection specially large series 
transformers should be adopted and rigid guarantees required with 
regard to the amount of current which can flow through the fceder 
without tripping the switches ; also as to the amount of overload which 
can be taken through the branched feeder without disturbing the 
voltage balance at the three points. This method of protection is 
obviously much cheaper than treating the branching point as a sub- 
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station (Fig. 18), since three sets of gear and the necessary housing 
accommodation for these are eliminated. 

It is possible to use only 2 pilot wires for a 3-phase branched 
feeder with the balanced voltage system direct-current trip (see Fig. 21), 
although this arrangement reduces still further the sensitiveness with 
regard to the amount of fault current required to trip, and, continuing 
the comparisons for tripping current in Table А, 570 amperes would 
be required to trip with 6 miles of pilot wire. This corresponds to full. 
load current of 6,500-k.w. of plant and, as will be scen, greatly reduces 
the sensitiveness of the system—indeed, to a prohibitive value in the 
case under consideration—since with 2,000 k.w. of plant running and a 
fault to earth the fault current furnished might not reach this value, 
even if not limited by a resistance in the neutral. 


Dranch Feeder 


du 


penes, 1) = TripCoil 
Transf 


Resist. 


EIL. LE I 
BED 


Fic. 26. 


Using 3 pilot wires, as in Fig. 17, the remarks with regard to the 
necessity for straight-line characteristics still hold good, and the fault 
current required for tripping with one phase shorted to earth would be 
287 amperes, which is a great improvement on the tripping current 
required if 2 pilot wires be used. Further, the safety against tripping 
due to capacity current is not reduced at all. 

The balanced current system with resistances is well suited to the 
protection of branched feeders, and with this arrangement 2 pilot wires 
can be used, as shown in Fig. 26, due to the fact that three trip coils 
instead of two have to be operated; the fault current required for 
tripping is increased approximately 50 per cent.—i.e., to 300 amperes 
against the 570 amperes for the balanced voltage system with 2 pilot 
wires and 287 ampcres for the balanced voltage system with 3 pilot 
wires. 


1910] GEAR FOR ALTERNATING-CURRENT CIRCUITS. 697 


For all the above systems the sensitiveness can be improved by 
increasing the size of series transformer and the secondary voltages. 
Parallel Feeders.—'The protection of parallel feeders corresponds in 
many respects to the case of the ring main, although in general the 
conditions are much simpler. In the authors' opinion, the most effec- 
tive method of protecting parallel feeders is by the use of the Merz- 
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Price gear, and most of {һе data given above are applicable to this 
case. 

Other methods of protection have been proposed, one of which is 
shown in Fig. 27. This, the authors understand, was introduced by 
the British Thomson-Houston Company. It is obvious that with the 
series transformers interconnected as shown at the sub-station end, no 
potential will exist between points a and 6, provided the secondaries of 
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the two transformers are carrying the same currents ; thus no current will 
flow through the trip coil connected across points a and b under normal 
conditions. If, however, a fault occurs in one of the feeders, then the 
currents in the primaries of the two series transformers flow in opposite 
directions, since the healthy feeder will feed into the faulty one and 
the secondary voltages of the series transformers will oppose one 
another, forcing current through the only available path, namely, the 
trip coil. It will be noticed, however, that this method does not dis- 
criminate as does the Merz-Price, in that both the healthy and the 
faulty feeders are cut off at the same time. If the arrangement shown 
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at the sub-station end is used at both ends, both feeders are, in case of 
fault, cut off instantaneously at both ends. If at the generator end the 
balanced relay shown is used, only the faulty feeder is cut out at this 
end, thus showing which feeder is faulty. Since the device cuts off 
both faulty and healthy feeder, it cannot be used as a discriminating 
device for two feeders in parallel, but if more than two feeders are 
running in parallel, then the device may be adopted between separate 
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pairs of parallel feeders, and in case of fault one pair of feeders is 
cut off. 

This method of protection can be made discriminating by using 
such an arrangement as shown in Fig. 29, where A and B represent 
two incoming 3-phase feeders. The currents on these feeders are 
balanced against cach other on separate transformers as in the 
magnetic balance system (the balanced current system could, of course, 
be used equally well) The extra windings on the balancing trans- 
formers c and d are led to a discriminating reverse-current relay. As 
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normally no voltage is induced in the extra windings, no current flows 
through the relay coils, and hence there is no deflection. On reversal 
of current in one feeder due to a fault in the feeder, current flows 
through the relay, which is deflected to onc side or the other depending 
upon which feeder is faulty. This arrangement can be used at both 
ends of a parallel feeder and for parallel interconnectors, while the 
ordinary reverse-current relay cannot, but as the operation depends on 
the voltage of the system, as all alternating-current reverse energy ap- 
paratus must, it is not perfect, but there is no reason why it should not 
be as reliable on parallel interconnectors as the ordinary reverse-current 
relay on parallel feeders. This method was introduced by the Westing- 
house Company in 1905. 

In order to guard against the voltage failure in some measure, a 
special shunt transformer is adopted with the above arrangement ; this 
transformer is shown in Fig. 29 D, and it will be seen that it is designed 


with three legs, on the centre one of which the primary winding is 
placed. The secondary winding is wound round the left-hand leg, 
which at the normal voltage is highly saturated. The right-hand leg is 
built with an air-gap. Assuming that at full voltage the flux produced 
by the primary coil divides equally between the two outer legs, then 
with a lower primary voltage the flux will divide so that a greater pro- 
portion than half passes through the leg on the left, since the per- 
meability is greatly increased as the flux is reduced. Thus the voltage 
induced in the secondary winding will not fall so quickly as the primary 
voltage. There are, of course, limits to the holding of the secondary 
voltage in this manner, but it is obvious that an advantage is gained by 
its adoption. 

Parallel Ring Mains.—The protection of parallel ring mains does 
not call for any special comment, as the methods of protection for 
ordinary ring mains can be applied in the majority of cases with the 
sane success. It should be pointed out, however, that the arrangement 
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at the sub-station end of Fig. 27 can be applied with better success to 
parallel ring mains than to parallel feeders. For instance, Fig. 28 shows 
a system of parallel ring mains protected in this manner, and here, in 
case of a fault between sub-stations A and B, only the section between 
the sub-stations A and B is cut off, and a supply is still furnished to 
each of the sub-stations from one end. This is equivalent to cutting 
off two of the four feeders supplying each sub-station in case of fault in 
one of them. 

In the above system it is necessary to have small auxiliary switches 
on the oil-switch mechanism to cut out the protective gear during 
switching operations, otherwise individual feeders cannot be switched 
on to busbars already loaded. 

Further, when one feeder is cut out the other requires some addi- 
tional protection, so that the systems are not self-contained, as is the 
Merz-Price system. 


APPARATUS FOR MERZ-PRICE GEAR. 


Series Transformers for the Balanced Voltage Systems.—The majority 
of transformers have been constructed with air-gaps in the magnetic 
circuit, and the authors believe that most of the series transformers 
used for protection on the North-East Coast are either so constructed 
or have been provided with resistances in parallel giving them similar 
straight-line characteristics. The advantage of an air-gap in the 
magnetic circuit is that the impedance of the series transformers is 
greatly reduced, and when one transformer has to force current through 
the opposing series transformers, as in the case of “dead ended" 
faults, this reduced impedance is of great value in lowering the operating 
current. Series transformers without air-gaps can, however, be used, 
and are particularly applicable to low periodicity systems. The advan- | 
tage of using series transformers without air-gaps is that the trans- 
formers are easier to balance and easier to keep in balance than 
transformers with air-gaps. Where such transformers are used it is 
advisable to connect them in delta in order to reduce the impedance of 
the pilot wire circuit. Where three points are protected, as in Fig. 17, 
transformers with air-gaps must be employed, as straight-line charac- 
teristics are essential. 

Series transformers having only one primary turn have been largely 
used. This type of transformer is particularly suitable to the “ balanced 
voltage direct-current {гїр” system, since the volt-ampere output of 
the series transformer required is very small. The transformer of 
Fig. 30 is that used by the Westinghouse Company and is of the 
ordinary series type, with the exception that a specially strong 
mechanical construction has been adopted to prevent alteration of the 
air-gaps due to rough handling. The dotted lines in the diagram 
indicate a resistance mounted across the primary of the series trans- 
former, the object of this being to shunt high-frequency disturbances 
and prevent them passing through the transformer. The precaution 
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has been found unnecessary in practice, and most manufacturers have 
ceased to use such resistances. 

Relays.—The relays are usually constructed in a very simple manner 
and call for little comment. The British Thomson-Houston Com- 
рапу'ѕ and the Westinghouse Company's relays are very similar in 
construction. In the Westinghouse construction (Fig. 31) the weight 
of the armature A is counterbalanced by an adjustable weight W, 


FIG. 31. 


and the trip-coil circuit is closed at the contact K. On the relay 
tripping, the indicator I falls into the position shown by the broken 
lines, and this indicator denotes on which phase or between which 
pair of phases the, fault has occurred. Such indication is not 
infallible, as, with a very heavy fault current, the relays on all three 
pilot wires may act; but in some cases the device is useful. The 
indicator may be returned to its normal position by means of the 
knob on the top of the case without opening the relay cover. In 
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the British Thomson-Houston Company's relay the trip-coil circuit 
is closed at two points, one at each end of the armature. 

The Reyrolle relay (Fig. 32) differs somewhat in form from the 
two previously described, and is not arranged for automatically 
re-setting itself when a fault is cut off. This latter feature serves as 
an indicating device and renders a special indicator unnecessary, but 
in the form shown necessitates opening the case and re-setting the 
relay before the opened switch is closed again. 


Il | il, | 


| 
| 
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Fic. 32.— Relay, Open. 


Relays whichiautomatically re-set themselves have the advantage of 
breaking the battery circuit when the fault is cut off, and this prevents 
the battery from running down too quickly. When non-automatic 
re-setting relays are used, the battery circuit may be broken by an 
auxiliary switch on the oil-switch mechanism, but this introduces 
another link in the circuit which is liable to get out of order. 

Conclusions.—1. The Merz-Price protective gear is the most satis- 
factory discriminative device at present produced, for transformers in 
parallel, for feeders in parallel, and for ring mains. The main advan- . 
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tages are instantaneous operation and isolation of the faulty sections 
only, whilst it can be adopted for all conditions. 

The gear renders possible freer lay-outs of the cable system than 
does any other protective gear, and due to its adoption more economical 
distributing systems may be used. 

2. This protective gear can be applicd in many ways, but the best 
form, owing to its simplicity and safety, is the balanced current system. 

3. For feeder protection the system developed by the authors has 
all the general advantages of the balanced current systems, and is 
specially immune from trouble due to capacity currents in the pilot 
wires. 

The use of only two pilot wires for 3-phase feeders, and the fact that 
no relays or batteries are required, give the system decided advantages 
over those hitherto used. 


APPENDIX. 


METHOD ADOPTED FOR CALCULATING THE FIGURES GIVEN IN TABLE А 
FOR “ BALANCED VOLTAGE, 3 PILOT WIRES, DIRECT-CURRENT TRIP." 


Let the relays be designed to operate at о'2 ampere, 4} volts, że., 
о“) volt-ampere. Then with a factor of safety of 4, the capacity current 
at the maximum possible volts should not exceed 02/4 = 0°05 ampere. 

The voltage to produce this capacity current in pilot wires 6 miles 
long, with a capacity of 0'27 microfarad per mile is— 


where c = capacity current, р = 2 я co, k = capacity in microfarads per 
mile, V — voltage ; 
c X 106 0°05 X 1,000,000 


P E SS — 99. 


6x2*X50X027 6Xx2x-X50X027 


This is the star voltage, and the voltage between outers— 
= 99 x 4/3 — 171. 


As there are two series transformers, one at each end of the pilot 
wire, only half the capacity current is supplied from each end, and 
hence the voltage of 171 may be doubled, giving 342 as the maximum 
volts allowable between phases to prevent danger of tripping due to 
capacity currents. 

With an assumed ratio of 5 between the maximum possible volts 
and thc volts induced in each transformer at full-load current, this 
latter vollage— 
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In case of fault, this voltage is consumed in forcing the tripping 
current through the relays, pilot wires, and series transformers, and is 
highest per transformer in the case of “fault to earth dead end.” The 
load then consists of 14 pilot wires, 3 relays, and 3 transformers, 
including the one having the primary fault current. 


Drop in pilot wires (react. drop negligible)— 
==1{ x 87 x 6 x 02-2156 volts = ohmic drop. 
Drop in relays = 44 X 3 = 15:5 volts. 
The drop in the transformers has to be figured, and is equal to— 


Total reactive drop — drop in relays. 

Total reactive drop... = /39°5? — 15:6° == 36:5 
Drop in transformers = 36:5 — 13:5 = 230 
Drop per transformer = 23:0/3 2 777 volts. 


The secondary voltage of the transformer, under these conditions— 
= J156 + (135 +2 х 7°7)? = 33 volts. 


Thus the series transformers must be designed to give 33 volts 
secondary voltage when delivering o'2 ampere with the required 
primary tripping current through their primaries, and to have an 
impedance of 7'7 volts when o'2 ampere is forced through their 


secondaries. 
Secondary output of series transformer at tripping— 


= 33 X o'2 = 6:6 volt-amperc. 


Magnetising input for above output— 


[u 
X 
Q 

QN 
X 

„э 

W 


-—— «. 
=» — 


Total input (above added vectorially) = 34°о volt-amperes. 


Thus for the gear to operate at 200 amperes primary current 
primary voltage = 34/200 = 0'017 volts at tripping. 


.. Ratio of series transformer = 33 — 194 
0'017 I 


Primary volt-amperes at full-load current Gor = 41'0. 
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DISCUSSION BEFORE THE MANCHESTER LOCAL SECTION. 


Mr. P. V. HUNTER: I believe I am correct in saying that so far as 
the practical application of this gear is concerned neither of the 
authors has had the advantage of an extended experience, and, to one 
who has watched the commercial working of a large system equipped 
with balanced protective gear, their grasp of the problem in its practical 
details is remarkable. First, I should like to point out, in connection 
with the design of balanced protective gear, the pressure rise which 
takes place on the secondary side of the current transformers due to 
severe overloads occasioned by faults on the system. This overload 
comes on all the apparatus between the fault and the power station and 
causes a rise in secondary voltage on all protective current transformers 
through which it passes. From Table A it will be noticed that this 
pressure may reach 600 or 700 volts between the terminals of the 
current transformer. This condition is entirely new to current trans- 
former working, and unless the secondary winding is specially insulated 
to meet it, a breakdown will occur between turns. In general, this 
breakdown will not be discovered at the time it occurs, because it does 
not sufficiently alter the ratio of the current transformers to make them 
operate on ordinary loads. When, therefore, a second fault occurs 
elsewhere on the network, the protective gear on the faulty section 
operates, and also that in which the current transformer secondary had 
previously broken down. This may result in shutting down a large 
part of the network. The trouble is of course very easily guarded 
against, once it is known, by means of additional insulation between 
turns on the secondary winding. Secondly, it is of great importance to 
design balanced gear for fault conditions, and notfor what we ordinarily 
understand as full-load conditions. iIt is of the utmost importance 
that the balanced protective gear should not break down under any rush 
of current which may conceivably occur during a fault ; in fact, any 
protective gear installed on a mains system should be capable of being 
run safely for an appreciable length of time under the maximum 
momentary fault conditions ; that is to say, if the maximum fault current 
is 10,000 amperes under a short circuit, the balanced protective gear 
should be capable of being safely run at this current, and it is this 
current which the designer should have in mind. If ordinary current 
transformers are designed for the comparatively small load represented 
by the full load of the apparatus protected, they are likely to explode 
under extremely severe fault conditions. I am afraid that those who 
have not had much experience of the balanced protective gear and the 
variety of ways in which it can be arranged will be very confused with 
the large number of diagrams shown. The only satisfaction I can give 
them is that the authors might have made things infinitely worse. I 
have never attempted to count the ways in which it is possible to 
connect up protective apparatus on the Merz-Price system, but the 
number runs into hundreds. For the information of those interested I 
may say that so far as I am aware the only arrangements used in com- 
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mercial servicc on any reasonably large scale are shown on diagrams 9, 
13, and 17. These three arrangements have been used very freely, and 
I believe the transforming apparatus protected exceeds 50,000 k.w., and 
the miles of high-tension cable are anything up to 500. Returning to 
the question of the number of balanced protective gear arrangements, 
it is a most interesting fact that whenever any one meets the protective 
gear for the first time he always sits down and works out an arrange- 
ment of his own. The authors’ contribution is shown in Figs. 21 to 26. 
They suggest that Fig. 24 is an improvement on Fig. 13, and they give 
their reasons on page 687. I hope no one will dispute their claim for 
this arrangement, as it would be of interest to sec it developed. I note 
that on page 688, paragraph 4, it is stated that a break in the pilot wire 
immediately results in the feeder being cut off. This is of course only 
true if there is sufficient current in the feeder to operate the relays, and 
as this current is usually full-load current, it is probable that the feeder 
would not be cut off in the event of a break in the pilot, and perhaps 
not until a fault occurred elsewhere on the system producing sufficient 
current to operate the relays. I also notice from paragraph 2 on 
page 687 that the authors object to the tripping batteries. I may say 
that these are put in for entirely different reasons from those which the 
authors have in mind, and that even were direct tripping possible with 
the voltage-balancing gear it is improbable that it would be used toany 
great extent. To my mind the most serious objection to the arrange- 
ment which the authors recommend is the number of parts which have 
to be balanced. In Fig. 23 there are eighteen, and in Fig. 24 there are 
fourteen, whereas in the ordinary voltage-balancing gear there are only 
six parts to be balanced. Referring to Table A, it is unfortunate that 
so far as column 1 is concerned the figures for the voltage-balanced 
arrangement are calculated on entirely theoretical apparatus. It will 
be noted that the primary input at full load is given as 41 volt-amperes. 
On the north-east coast, for fceder protection, this system of balancing 
is used exclusively, and the actual primary input of the 6,000-volt trans- 
formers is 5 volt-amperes, not 41. I do not suggest that this small 
figure has been adopted on account of the saving of energy, nor is it 
due to the fact that with the small output the current transformer can 
have a bar primary. The real reason why this protective gear for 
voltage balancing has an output of 5 volt-amperes is that it is designed 
to work continuously with the maximum fault current. I do not think 
any apparatus which the authors put forward would work under these 
conditions for a minute without using a large amount of material in 
construction, thus making it extremely cumbersome and expensive. In 
conclusion I should like to emphasise the fact that in designing 
protective gear the great point is to forget ordinary full-load currents 
and design absolutely for the particular maximum fault conditions. 

Mr. H. W. CLOTHIER: As it was my privilege six years ago to be 
associated with Mr. Price in the design of “ Merz-Price " protective 
systems, I am in a position thoroughly to appreciate the value of the 
authors' remarks, and I agree entirely with their conclusions that this 
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system of protection has many advantages. In support of this opinion 
I have, thanks to the courtesy of Mr. Lackie, of Glasgow, a piece of 
cable which developed a short between two phases. Fortunately it 
was suitably protected, and in consequence was cleared so quickly that 
there was only a very small hole burnt in the cable. It is interesting 
to note that even the outer dielectric was not pierced by the arc. 
Incidentally this example is of particular interest at the moment in 
view of the necessity now under discussion of clearing faults in mines 
so quickly as to avoid flashing external to the cable. It is a significant 
fact that similar cable faults have occurred in places where the balanced 
protective gear was not installed, and such faults have occasioned com- 
plete shut-down for lengthy periods. Seeing that the authors have 
shown a drawing of a transformer, I may be allowed to describe 
details of the transformers installed on the 6,000-volt networks in 
Newcastle. The construction shown in Fig. A is probably the simplest 
form of transformer devised for use with the “ Merz-Price" system. 
The primary, consisting of a straight through conductor, lends itself 


to perfect insulation. Moreover, with this construction every trans- 
former can be balanced with a standard at many times its full-load 
current. For such purposes it is possible to thread a solid copper bar 
which will carry 5,000 or 6,000 amperes, whereas to carry such heavy 
currents through a transformer with primary turns, owing to the 
limited section of the copper, would be difficult. The core is of a 
circular type, and has an air-gap as shown on the sketch. The primary 
input is less than 5 volt-amperes at full load, as compared with the 
authors’ transformers of 41 volt-amperes and 125 volt-amperes. The 
air-gap affords a ready means of adjustment, and in practice these 
transformers are accurately balanced with the standard in this way. 
The transformer differs from that shown by the authors in that it has a 
straight-line characteristic up to twenty to thirty times full-load current, 
thus, in contradistinction to the authors’ design, it is suitable for use 
with tees. It is satisfactory to note that, although there are at least 
1,000 of these transformers in everyday use, there has never been any 
failure either in the insulation of the primary or between turns on the 
secondary. With regard to the capacity current in the pilot cable, I 
admit the disadvantage of a transformer having a straight-line charac- 


Mr. Clothier. 


Mr. Clothier. 


708 FAYE-HANSEN AND HARLOW: PROTECTIVE  [Dec. 20th, 


teristic up to twenty to thirty times its full-load current. On the other 
hand it must be borne in mind that a cable 6 miles long has such a 
resistance as to put a limit on the amount of primary current which 
can pass through it in the event of a fault occurring. Therefore the 
question of capacity current only comes into consideration for short 
lengths of cables near to the generating plant, and in such cases the 
capacity current in the pilot is negligible because the cables аге short. 
The relay shown on Fig. 32 is the first design of relay made for this 
work in this country. Many engineers prefer not to rely solely upon a 
single contact to trip their switches, and, in order to meet this require- 
ment, this relay is made with a small weight, which is released after 
the first contact is made by the armature. In falling, the weight 
hammers home a contact which is in parallel with that made by the 
armature, and thus adds an element of security besides avoiding spark- 
ing at the relay contacts. The authors are somewhat misleading when 
they infer that these relays do not automatically re-set themselves, as it 
is only necessary to remove the supplementary contact, and then, like 
the authors' design, the relays will automatically re-set themselves. It 
is more correct to say that the relay on Fig. 32 possesses an advantage 
over the relay on Fig. 31, in that the former can be made automatically 
to re-set itself or not, as preferred by the user. I would also suggest 
that the light armature on the relay to Fig. 32 is better than the heavy 
armature and balance weight on Fig. 31, as the inertia of the latter 
would, as compared with the former, tend to retard the instantaneous 
action of the relay. The authors mention the necessity of opening the 
case in order to re-set the relay. It should be noted that opening the 
case is a very simple matter in the type of relay illustrated, although as 
a matter of fact this and other types of relays are re-set by a small 
button placed outside the case. With regard to the authors’ proposals, 
it is as well to correct their impression that current balancing has not 
been used in practice in conjunction with feeder protection. There 
are several instances of current balancing for feeder protection in the 
Newcastle district. The system is known there as neutral-wire balanc- 


ing, but this system was abandoned in favour of electrical balancing. 


The proposal shown in Fig. 24, which eliminates relays and the auxi- 
liary trip, is particularly interesting, and would be an improvement if it 
could be arranged without involving an excessive primary input to the 
series transformers at full load ; but on page 691 the normal input of 
these transformers is given as 125 volt-amperes, and although six only 
are shown on Fig. 24, there are really eight of these proposed in the 
scheme. When compared with the six transformers, with a primary 
input of only 5 volt-amperes each, required by the E.M.F. balancing as 
used at Newcastle, the waste of energy in the transformers in the 
authors' proposal represents in the long run a much more expensive 
item than the initial cost of relays and batteries. The saving of one 
pilot wire claimed is also possible, when necessary, with E.M.F. 
balancing. The reason that no attempt has been made in the New- 
castle district to eliminate the relays and auxiliary trip is that it has 
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been considered necessary to work the tripping mechanism of the 
switches periodically. The authors, I believe, admit the possibility of 
the switches sticking. It is therefore a common practice to trip the 
switches at regular intervals, and this operation can be most con- 
veniently carried out when relays with auxiliary trips are used. In 
conclusion, therefore, whilst giving the authors the credit due to them 
for their most ingenious proposal, I think there is much left for them 
to do before they can lay claim to having materially advanced the 
subject of design, but at the same time much good is bound to result 
from the open way in which they have brought their proposals forward. 

Mr. E. B. WEDMORE : I consider that the commercial merits of the 
Merz-Price system are not yet recognised as they should be, and 
perhaps in time to come we shall recognise the debt the industry owes 
to the makers of this protective gear. It might be of interest to state 
that the circulating-current system shown in a number of the figures 
has been independently developed by the B.T.H. Company, who 
have used it extensively for a number of years. The same Company 
have had under consideration the advantages of the circulating-current 
system as applied to fceder protection, and have developed methods of 
compensating for pilot-wire drop and capacity current in the pilot wire, 
similar to those illustrated, and I believe they have also applied for 
patent protection. I would like to emphasise the importance of the 
question of excessive heating in current transformers, referred to by 
Mr. Hunter. It is not generally realised what very high temperatures 
can be reached in the fraction of a second required to clear a fault in 
cases where the current transformer primaries are designed to carry 
normally a small fraction of the total output of the plant, but during a 
fault have to carry many times this current. The heating effect, of 
course, increases with the square of the current, and I have known of 
several instances where current transformers havc exploded violently 
under such conditions. Iappreciate the advantages of the circulating- 
current system for feeder protection, and would add that on large 
systems it is quite practicable to obtain the full advantages of the single 
turn primary-current transformer and the direct-current tripping 
device, by employing sensitive relays in place of direct-acting trip coils. 
I believe that this system has a great future before it. After some 
experience in the balancing of transformers, I am satisfied that an 
adequate balance can be readily obtained under this system, and the 
apparatus made more sensitive owing to the ready manner in which 
capacity-current difficulties are overcome. The systems shown in 
Figs. 27 and 28 are typical of а number of devices I have developed 
for different service conditions, and I may say that the defects the 
authors have found in the arrangement shown in Fig. 27 are due 
to the omission of certain items from the diagram. In order to 
make the arrangement discriminate, it is only necessary to add 
reverse-current relays normally short-circuiting the respective trip 
coils. The employment of the cross-connected current transformers 
ensures that there would be no tripping current in the case of a 


Mr. Clothier. 


Mr. 
Wedmore. 


110 FAYE-HANSEN AND HARLOW: PROTECTIVE ([Dec. 20th, 


M not surge, whilst the employment of the relays makes certain that only 
` the defective feeder would be cut out on a fault occurring. I have 
sometimes regretted that Messrs. Merz and Price had developed 
their selective system as soon as they did. Had they turned their 
attention to the improvement of reverse-current relays, I feel sure 
that great advances would have been made in that branch of the 
art. Owing to the relatively high cost of their system, it has been 
necessary to find cheaper methods of dealing with the problems 
met with. The reverse-current relay of the present day is a very 
different device from that which Messrs. Merz and Pricc have con- 
demned. The relays used in the system above referred to were 
designed to give large forces operating with extreme rapidity on 
small currents, even at quite low voltages, and would operate on 
far smaller current values than could be considered in connection 
with the Merz-Price system. This question of rapid operation is 
very important for feeder protection, as faults due to puncturing of 
insulation develop relatively slowly, and sensitive relays would clear them 
with a minimum of disturbance of the system. About two hundred 
of the relays referred to are now in use on generators and feeders, and 
have not only met all service conditions, normal and abnormal, but 
have been very severely tested by some of the users, and by bad faults 
in service. There is a large scope for protective devices suitable for 
use only on parallel feeders, as the latter are very extensively adopted, 
and are likely to be so. Whilst the system at Newcastle of employing 
single feedersand interconnectors seems to be admirably adapted to the 
rather special conditions existing there, it is found that in alarge number 
of cases the employment of parallel feeders gives greater economy in 
cable. For example, in the typical case of a generating station sur- 
rounded by three, four, or even five sub-stations, a little elementary 
geometry will show that less cable is required for the parallel feeder 
system than for furnishing single feeders with interconnectors. In this 
connection I would like to refer to a method of distribution eminently 
adapted to small industrial towns where customers are small power 
users and capital cost an important consideration. In such cases the 
consuming points cannot be readily predetermined, so that the most 
economical ring-main system could not be laid out. Moreover, owing 
to the necessity of confining cables to available streets, it would often 
be impossible to adopt the theoretically best system of conductors. 
The cost of obtaining way-leaves and of opening up additional roads 
is also a consideration. In such cases a parallel feeder system can be 
employed with advantage, the feeders being connected together only 
at the generating station and each customer furnished with switches 
for connection to either system, but arranged so that connection could 
not be made to both systems at once. The expenditure required for 
the employment of discriminating gear on such a system would not be 
justified, but as the feeders would all be open-ended, one might employ 
with great advantage leakage protective apparatus at the generating 
stationalone. I refer to the balanced core system of leakage protection, 
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by which individual feeders might be disconnected instantaneously on 
leaks developing, representing a small fraction of normal-load current. 
This arrangement has great advantages. Ап earth resistance of high 
ohmic value may be employed, ensuring that the fault currents are 
limited to a fraction of normal-load current. The employment of 
earthing resistances of high ohmic value removes all difficulties which 
may be experienced in some cases, due to currents circulating between 
the generators, and greatly simplifies the problem of earthing the 
neutral. There is yet another advantage which has not been fully 
appreciated. It is often found that a heavy fault so distorts the voltage 
triangle at the generating station that individual induction motors and 
other apparatus in all parts of the system feed back to the fault and cut 
themselves out of service. This feature cannot bc directly dealt 
with by the employment of the Merz-Price system of protection, 
but by the employment of a leakage system and a high resistance 
to earth the trouble may be eliminated. With very few exceptions, 
faults develop first as faults to earth, so that on this system serious 
disturbances are practically eliminated. The disconnection of faulty 
sections without thc necessity for the development of heavy short- 
circuit currents relieves the system also of the inevitable static strains 
due to violent changes of current value. . 

Mr. A. E. MCKENZIE: To those responsible for the maintenance of 
an uninterrupted supply of electricity from a power station, the choice 
of the correct: protective gear to instal is of the utmost importance. 
On the Manchester system, so far, there is no balanced protective gear 
on the feeders, although there are ten sets on order. I am greatly 
surprised that all the previous speakers have agreed, by their silence, 
in recommending that this gear should not be used for the protection 
of generators. In Manchester there are two 4,000-k.w. generators 
which have been protected by this gear for the last two years. Previous 
to its installation we were subject to a great deal of trouble on these 
alternators through faults starting between turns in the same coil, and 
subsequently developing to earth. When the generators were re-wound 
the balanced protective gear was installed, but it has not yet been 
called upon to operate, as no faults have since occurred. I appreciate 
that this system cannot be used for the protection of generators against 
loss of field, but how often does a generator lose its field? I have had 
many years' central-station experience, but have never yet known a 
generator totally to lose its field. I do not consider it necessary to 
instal an automatic device which will always cut out a generator when 
loss of power takes place, but think that this can safely be left to the 
discretion of the switchboard attendant. No automatic devices that 
we have tried at Stuart Street, Manchester, have given satisfaction 
under all conditions, but we consider that the balanced system has the 
most advantages. At the present time our 6,000-k.w. generators are 
connected solid to the bars, but Merz-Price gear is now on order, and 
will shortly be fitted to them, and we believe that it will meet every 
condition that is necessary. I do not consider it essential that 


Mr. 
Wedmore. 


Mr. 
McKenzie. 


Мт. 
McKenzie. 


Mr. Railing. 


Mr. Taylor. 


712 FAYE-HANSEN AND HARLOW: PROTECTIVE [Јап. 11th, 


generators should always be cut out immediately a fault occurs 
between different parts of the same phase, having on several occasions 
found coils welded together when cutting out for rewinding. In my 
opinion the alternative to the Merz-Price protection for generators 
is not to protect at all. I agree with Mr. Clothier that it is advantageous 
to have the tripping coils operated by an auxiliary circuit, so that they 
can be tested regularly. The relays on the generators at Stuart Street 
are frequently closed to open the switches when the generators are 
being taken off load, to see that the gear is in working order. Of 
course, most of the high-tension feeders in Manchester were run before 
the balanced system was known, but pilot wires have been laid in all 
the cables recently put down. Where duplicate feeders run to the 
same busbars in a sub-station, relays are installed, and have always 
answered very well. Some years ago, when it was not so well known 
how long it was possible to run on a higb-tension fault, relays were 
put in at Stuart Street which could be adjusted to 20 seconds. These 
relays are now set absolutely instantaneous. When the instantaneous 
setting was first tried, it was anticipated that when faults occurred on 
the low-tension network the momentary rush of current would open 
the main feeder breaker at the generating station, but they have been 
set this way for about two years, and, so far, no trouble of this kind has 
been experienced. The relays are set to operate at twice the normal 
full load of the feeder, and on some occasions pieces of 3-core O'15 
cable, lead covered and armoured, 1 ft. long, have been burnt away. 
I was therefore very interested to notice the piece of high-tension 
cable which Mr. Clothier produced, showing the very slight damage 
that had occurred to cause the balanced protective gear to open the 
feeder circuit breaker at the Glasgow station. 


DISCUSSION BEFORE THE BIRMINGHAM LOCAL SECTION, 
JANUARY 11, 1911. 


Mr. M. RAILING: Onaccount of the tremendous spread everywhere 
of electric application in industry and private life, it has of late 
become increasingly necessary to use all possible safeguards. The 
protection of life and property has become more necessary and more 
difficult ; more difficult on account of the extensiveness of the problem, 
the large number of users and of producers; more necessary not only 
because of the value of life and property, but also because every 
neglect of safeguard in the eyes of numerous competitors means a 
retrograde step for our industry. 

Mr. A. M. TavLoR: The authors pay considerable attention to the 
minimum tripping current; but whether an oil-switch clears a fault 
successfully or otherwise appears to me to depend more on the oil- 
switch than on the relay. The question whether one relay which 
commences to operate with 250 amperes is better than another which 
requires 500 amperes seems unimportant, in view of the fact that a 
short-circuit current might reach a value on a large system (such as 
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that in a big town) of, perhaps, 10,000 amperes in the gj, part of a 
second, whereas the oil-switch would not clear a fault under, perhaps, 
$ to т» of a second. Long before the relay itself had operated, much 
less the switch, the current would have reached a value several times 
in excess of the 500 amperes above alluded to. It may, perhaps, be 
worth mentioning that I have designed a switch which will, I estimate, 
open a circuit in the 535 part of a second, or will, if preferred, simply 
cut down the current, so that a dangerous value is never reached, 
breaking it as the wave passes through zero in the manner indicated in 
Fig. B. With regard to the question of the protection of feeders by the 
Merz-Price system, it seems that such a system is highly desirable, in 
spite of the limitations of the switches at present employed ; but, where 
a large underground cable system is already laid down in a town, it is 
a very serious matter to consider the opening of the streets for the 
purpose of laying the pilot wires needed in conjunction with the Merz- 
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Price apparatus. With reference to the remarks at the foot of page 685 
and the diagram Fig. 19 on page 695, I am not sure that the proposed 
extra transformer will solve the difficulty. While it would be efficacious 
in the case of a short circuit between phases (1) and (3), or (1) and (2), 
it will not protect against a short circuit between phases (2) and (3). 
With regard to the question of pilot wires, I have considered the 
possibility of doing without these in certain cases by introducing a 
discriminating system depending upon the momentary drop of poten- 
tial on the occurrence of a fault current. Any ordinary reverse-current 
relay is, of course, useless for this, as all the relays on the one side of 
the fault would act together; but if a relay could be devised which 
would only respond to the position on the ring at which the maximum 
drop occurred, and which was unaffected by the passage of ordinary 
“load” currents (no matter in which direction they flowed through it), 
and in which, moreover, the action was the more positive the greater 
the drop in E.M.F., then, it seems to me, protection might be obtained, 
even on a ring main, without any pilot wires. I believe it is possible to 
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devise such a form of relay. I believe it would also be possible to dis- 
criminate between consumers who were only a quarter of a mile apart, 
and, if necessary, even closer than this. For longer distances the 
problem becomes correspondingly more easy. 

Mr. A. D. CHAMEN: A great deal has been said and written lately 
with regard to protective gear, but, considering the importance of the 
subject to power station or supply engineers, I do not think the subject 
has been overdone. My experience is that engineers looking at con- 
trivances of this kind often say : * This is extremely pretty on paper, 
but how is it going to do us any good?" They are now, however, 
gradually coming to see that the Merz-Price gear is not merely some. 
thing nice to have, but also something necessary for the satisfactory 
working of their system, and are installing more and more protective 
gear once they have had experience with it. The authors of the paper 
have gone very thoroughly into the subject; they have cast about to 
try to make improvements on existing methods, and they claim to have 
succeeded in doing so. Here I want to criticise one or two points. 
First of all, the authors make a point of doing away with the relays 
and batteries. They look upon that as an advantage, but I am afraid I 
do not agree. My reason is that it is very necessary to test the switch. 
gear for operation. Of courseit must berealised that when Merz-Price 
gear is installed оп a system it is far more necessary to keep it in proper 
repair than the ordinary overload gear, for if a switch shall stick or, for 
some reason or other, the apparatus should fail, the fault falls back on 
the generators, and unless therc is some overload device the result is a 
complete shut-down. Hence it is of vital importance to keep the 
Merz-Price gear in order. I would be glad to know how the authors 
propose to carry out periodic tests with an alternating-current trip. lí 
a battery and relays are provided it is quite easy to test the feeder 
switches one at a time by tripping each relay with the finger and to 
see that the switch opens satisfactorily. In my experience switches 
failing to trip is the most frequent trouble. I do not say that it is the 
fault of any particular switch ; it is an inherent fault in any oil-switch, 
but if tested at short periods any failure is checked in time. The 
second point that they make is that they use only two pilots. I can 
only say that with the electrical balancing system, and by using air-gap 
transformers, exactly the same arrangement is made. Only two pilots 
are necessary, exactly in the same way as with the current balancing. 
The third point made by the authors is that this gear is easier to main- 
tain and keep in order. I am not so sure about that, as instead of relays 
we have resistances, and we have also an extra transformer at each end. 
The authors say that it is not necessary to construct their transformers 
carefully. I can only say of the air-gap transformer that it is easy to 
construct and there is no difficulty with balancing. Every transformer 
is carefully tested during construction, and this is a very simple matter. 
I have never heard of a fault or failure of an air-gap transformer either 
with the insulation or with the balancing. I do not see how the first 
cost of the authors' system can be any less than the electrical balancing 
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system. They use extra transformers and resistances against the relays 
and set of batteries. Of course the point as to whether the transformers 
are more costly or not is one I cannot answer. One would naturally 
think they would be, as they have to have a greater output. The firm 
who have installed most of the apparatus in this country are still using 
air-gap transformers and electrical balancing for feeders, but not for 
transformer protection, etc., as this is a different problem. It has the 
advantage that it may be used on any system, and no alteration is 
necessary if the cable is teed off. It is an absolute standard for all 
conditions. Of course, there is a limit to the number of tees on one 
cable that can be dealt with whichever system is used, because the con- 
nections get complicated, and the impedance considerably increased 
with each tee added. It is not desirable to have more than two or 
three on one cable. As for capacity troubles, I may say that this has 
been overcome entirely in practice. The patentees considered current 
balancing and alternating trip for feeders before anything was really 
settled. They thought it was well to abandon it in favour of the 
battery trip. A great point has been made by theauthors as to sensitive- 
ness. They claim that the current balancing with the alternating trip 
arrangement is more sensitive than electrical balancing with air-gap 
transformers. That may be so, but as a matter of fact the short-circuit 
current on any part of a system is very much larger than any of the 
figures given in the table. It is therefore unnecessary for the apparatus 
to be very sensitive. I may say also, and this will answer one of Mr. 
Taylor's questions, that whenever a fault has been cleared by the Merz- 
Price gear it has scarcely been known on the system that there has 
been any fault. In some cases a slight kick has been noticed, but never 
any suggestion of synchronous plant getting out of step. The reason 
is that when a fault occurs in a cable the protective gear cuts it out 
before the current has reached a very high figure. Mr. Taylor, on his 
diagram, shows a current ten times the full load, which is more than the 
authors say will generally take place with the dead short circuit owing 
to the cable resistance, but nearly every cable fault starts with a small 
current, and does not develop to its maximum at once. That is the 
reason faults have been cleared before there has been any severe shock 
on the system. Of course, if a pole line is being dealt with, if twc 
phases come together, there is a dead short circnit, and the maximum 
possible current is reached at once. The authors' current balancing 
requires two resistances in the pilot circuit to ensure proper operation. 
This resistance requires adjustment, and I presume that if a feeder has 
to be cut in the middle for additional connections (say another con- 
sumer) this resistance has to be readjusted and the whole lot balanced 
again. With electrical balancing that is not the case. One simply con- 
nects up a fresh set of current transformers on each side to balance with 
the old transformers. With regard to Fig. 26—I may be wrong—but 
on the face of it there appears to me a doubt as to whether this would 
work. Supposing a fault were to occur on another cable and the 
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Mr. on the third, obviously the current in the third limit will be greater than 
ш that in either of the other two. That means that the current trans- 
formers will have to work on different parts of their curve. Now, these 
transformers are partly E.M.F. and partly current transformers, and 
it seems to me that unless they are huge they will not be able to give 
equal current or equal potential; that is to say, the transformers will 
have to be large enough to overcome the impedance of the pilot circuit 
and other transformers, trip coils, etc., in the circuit, without losing 
their ratio at all. The authors have mentioned some other types of 
protection, but I do not think they are real competitors to the Merz- 
Price gear. Mention is made in the paper of transformer protection, 
stating that when tappings are made on the main transformer to obtain 
slightly higher or lower voltage, it is also necessary to make corre- 
sponding tappings on the current transformers to insure a good balance. 
In practice this is not necessary for tappings, say, 5 or 7 per cent. 
variations from normal. Return now tothe question of the bad effect on 
the system if the Merz-Price gear should not operate. With the Merz- 
Price gear опе cannot or should not do away altogether with overload 
relays. There should be certain number of time limits put in in 
different places, but they should be put in at only a few places, carefully 
thought out and proper time limits arranged. А safe thing is to start at 
the generating station by putting time limits on every feeder, then if 
the network is large and anything like the North-East Coast systems, 
instantaneous overload relays can be fixed at certain switching centres, 
whose function would be automatically to split up the system into 
various smaller sections, but still keeping duplicate supply to every 
sub-station. In the case of a bus-bar fault, which is not dealt with by 
the protective gear, this limits the region of trouble to one district only. 
It is wise to take every system by itself and study the requirements and 
arrange the protective gear to suit it ; it must be treated carefully on its 
own merits. | 
As regards reversed current relays, I do not think much can bc 
said in their favour. They are frequently used for generators. I think 
I am right in saying that if a generator loses its field it does not follow 
that reverse current passes into it. The power factor can drop below 
50 per cent. and still be in the same direction as regards the potential, 
in which case a reverse relay will not operate. I see that the authors 
have made a correction in reading their paper ; they say that they do 
not advise Merz-Price gear only for generators, and that makes a great 
deal of difference. Merz-Price gear on generators is very useful where 
two or more generators are running in parallel. Of course, it is of no 
use whatever if only one is running. А point is made by the authors 
that the gear will not work with a fault between turns such as is caused 
by the burning-out of an armature coil. That is not a very important 
point, because smoke will generally be seen coming from the alternator 
before any appreciable current is taken by that phase, and there is 
plenty of time to switch the machine out of circuit. Such a fault 
generally develops into a short circuit between phases or to earth, and 
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as soon as this happens the protective gear cuts the machine out of 
circuit. Further, if a generator loses its field, this does not constitute a 
short circuit on the remaining generators, but it will run as an induction 
motor with very bad power-factor until switched out. So none of the 
faults which can occur to a generator which will not operate Merz- 
Price gear, can be dealt with any better by any other device, while the 
Merz-Price gear has the advantage that it will instantly switch out a 
machine which develops a fault between phases or to earth. I would 
prefer to protect generators with Merz-Price gear and with nothing 
else. Obviously, overload gear is unsatisfactory, as in the case of a 
short circuit on the mains the feeders should be switched out and not 
the generators. It may be interesting to give a little experience I had 
just lately in South Wales, where I have been installing protective gear 
on two colliery power schemes ; the mains are all pole lines. The prob- 
lem is not quite the same as with cables: Anybody who has had 
experience of pole lines knows that, as a rule, if the insulator or binding 
breaks and the phase falls on the bracket arm, the small current passing 
simply sets бге to the pole. Several cases have occurred where the pole 
has beensetfire to inthat way. Sometimes the wires have become heated, 
drawn out and broken, and the two broken ends have lain on the 
ground still alive. The current was so small to the earth connection 
that it was not enough to trip any kind of overload protective gear. 
Now when Merz-Price protective gear is installed, a lead-covered pilot 
is suspended from pole to pole, and is held up with a steel catenary 
wire. This steel wire is connected to the bracket arms on every pole, 
and so the earth wires on every pole are joined in parallel, this in itself 
insuring a fairly heavy return circuit for the fault current. Also the 
catenary wires and the lead covering are connected to substantial earth 
plates at every substation and at the generating station,as well as being 
directly connected with the neutral points of the generators. The 
result is that when any such fault occurs as is described above, 
there is ample current flowing through the fault to operate the Merz- 
Price relays. These installations have proved to be perfectly satis- 
factory. 

Dr. M. KLoss : The paper with all its various diagrams furnishes a very 
good proof of the flexibility of the Merz-Price system. I think that the 
system is onc of the best ideas that have been developed in the electro- 
technical industry, especially from the point of view of which Mr. 
Railing has spoken: that of the importance of protection in electrical 
circuits and apparatus. Perhaps the greatest advantage of the Merz- 
Price system is its capability of cutting out a fault during its develop- 
ment. I do not think any other system will do that. If an ordinary 
overload relay is used, of course it must be set sufficiently high to 
allow ordinary overloads to pass, if they only last a short time. On the 
other hand, if a fault begins to develop, it will not act so long as the 
increase in current keeps within the limit for which the relay is set. 
That means the relay will generally allow a certain time to pass before 
it acts, so that a real short circuit will occur, Further, take the case of 
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no-voltage relays. These do not fully act until the voltage has dropped 
to an undesirable amount. Either of these old schemes, in fact, will 
allow a dead short circuit actually to develop before they will act. 
The Merz-Price gear, however, will discriminate, as has been pointed 
out, and will cut out a feeder or any other faulty part of the apparatus 
even if there is no reason for a dead short circuit to be caused by the 
apparatus at the power station. It will cut out the faulty apparatus 
during the time taken for the faults to develop, and I think that it is a 
great advantage because it enables one to repair it and put the whole 
thing right again before any great damage is done. I should like to ask 
whether any experience has been gained either by experiment or by 
actual practice with reference to higher harmonics in such cases as 
those given in Figs. 8 and g. It is well known that alternators not pro- 
ducing a true sine-wave E.M.F. will set up circulating currents of the 
third harmonic if connected in delta. I should like to know whether the 
corresponding secondary currents of the transformers are likely to oper- 
ate the trip coil. With reference to Mr. Taylor's remarks on a switch 
designed to cut the current off in a fraction of a period, it is true that by 
this means the danger of mechanical stress set up in the windings of 
machines and apparatus, and also the chance of overheating due to the 
enormous value of short-circuit current might be reduced. Still it should 
not be forgotten that at the same timea new danger is introduced by the 
rise in potential, which is proportionalto the rate of change of current. 
If the cutting-out would commence just at the moment of maximum 
current and be completed before a quarter of a period, the rate of 
change of current would naturally be much greater than if the current 
were allowed to follow the ordinary wave. In order to avoid this 
danger, it isadvisable not to go too far in reducing the time required for 
completing the break of current ; it should in no case be less than a 
quarter of a period. 

Dr. C. C. GARRARD: I would like first to enter a plea for simplicity 
in methods of electrical protection. The paper clearly shows that the 
systems of control proposed are becoming very complicated. For 
each cable we have one or more auxiliary pilot cable ; presently, 1 
doubt not, we shall be confronted with the proposition to use further 
cables to protect these auxiliary cables and so on. Now, this is not a 
fantastic idea, as the keeping in proper condition of the pilot cables is 
very important. These are liable to be damaged by mechanical dis- 
turbance, atmospheric effects, etc., almost as much as the main cable. 
In fact, I think it may be asserted that the majority of breakdowns 
of cables come from immediate causes exterior to the cable, which 
causes would be nearly as likely to damage the pilot cable as the main 
cable. There can be no doubt that the great disadvantage of the 
Merz-Price system is the pilot. Unfortunately, in certain circum- 
stances, the pilot wire is necessary and it then has to be uscd. But 
а system which may be designated the Merz-Price system run mad, 
with a maze of pilot wires everywhere, is to be strongly deprecated. 
The most useful sphere of application of the Merz-Price system is the 
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interconnector, or any cable in which power may flow properly in 
either direction. The use of interconnector cable is, however, not 
always an advantage from the point of view of cost, as not only must 
the actual length of cables be taken into account, but also the cost of 
laying, obtaining way leaves, etc. Another point to bear in mind, and 
this applies equally to duplicate feeders, is whether the interconnector 
or duplicate feeder has always to be connected up to the bus-bars for 
any reason, say to prevent excessive drop of potential, or whether it is 
to be regarded as a pure standby in case of breakdown of the ordinary 
cable. A cable which is always kept connected to the bus-bars cannot, 
I consider, be regarded as a duplicate one. Duplicate feeders, for 
example, should only be used one at a time, say on alternate days. In 
many cases, also, the interconnector is used in the same manner, that 
is to say, one substation is connected to another so as to ensure an 
alternative supply should the feeder to the one break down. For 
ordinary working, however, the interconnector cable remains dis- 
connected from the bars. This may modify the system of control 
necessary to be adopted. It must not be forgotten that the Merz- 
Price gear is not sufficient for the entire protection of a generating and 
distribution system. It is true it protects the cables against short 
circuits or grounds, but it affords no protection against overloads or 
switchboard faults, or a short circuit on the bus-bars. For generator 
protection all it guards against is the very rare occurrence of a break- 
down of insulation of the machine to earth. I am of opinion that 
reverse-power relays fitted with a time lag form a better protection for 
generators. 

For ordinary feeders, I am also of opinion that it is not worth while 
to add the complication of Merz-Price gear. These feeders must be 
protected against overload in any case, and the Merz-Price gear would 
have to be installed in addition to the time-limit overload outgoing 
relays. The addition of reverse relays at the far end of the feeder 
secures sufficient protection. If the feeders be run in duplicate with 
both always connected, then discriminating arrangements to cut out 
the faulty feeder and leave the good one connected can be installed 
without the necessity of pilot wires. Some of these methods are 
referred to in the paper. Referring now to branch feeders, the authors 
refer to Fig. 18 as a branch feeder, but this is hardly the case, as the 
joint constitutes a substation, since there are switches situated there, 
with, of course, an attendant to look after them. This is rather the 
case of a substation with two on-going feeders. With the arrange- 
ment illustrated in Fig. 17, the authors refer to the special difficulties 
which have to be got over to ensure that the sum of the three voltages 
is zero. It seems to me that if the branch represents an important 
load it would be best to run two cables to the point where they branch. 
As the two cables would be laid at once, or at any rate pulled through 
two pipes in the same trench, this would not be a much greater expense 
and would obviate the likelihood of a fault on the branch entirely 
shutting down the whole of the main cable. The true use of branch 
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Dr.Garrard. circuits, however, is to take tappings off a main feeder for cus- 
tomers en route. If this be done the probability is there would be 
more than one, and if several are connected up the difficulties in 
securing voltage balance of all the branches would be well nigh 
insurmountable. I am fully in agreement with the authors when 
they state that the best way in which the Merz-Price system can be 
applied is the balanced current method. The authors have sufficiently 
indicated the difficulties of the balanced voltage system. It must be 
remembered that the control gear is under the charge, to a very large 
extent, of people who are not skilled electricians. It is not to be 
expected that such people will make a calculation such as is given in 
the appendix of the paper in order to find out what any particular 
setting of the relay may mean. In fact, I take it that this appendix 
particularly shows that with the balanced voltage system it is impossible 
to calibrate the relays or tell beforehand at what particular fault 
current they will operate. This can only be found in practice by 
actual trial. With the balanced current system, the previous calibra- 
tion of the relays, etc., should be a much easier matter, as the current 
transformers act throughout as pure current transformers, that is to 
say, with equal primary and secondary ampere-turns. I regard this 
as a matter of some importance, for I think all control gear should be 
capable of being periodically tested, say in the works test-room, 
without interrupting the running of the system. With the balanced- 
voltage system this testing would be very difficult. 

Attention is drawn by the authors to the fact that the Merz-Price 
system allows of a freer lay-out of the cable system. This is un- 
doubtedly true in that it gives us a means of protection of inter- 
connectors and ring mains, but I think that it is possible to carry this 
feeder lay-out to a dangerous extent. This applies especially when 
two or more generating stations are connected to a common distribu- 
tion system. Recent experience has shown that the effect of a 
breakdown can be very disastrous if backed up by a large amount of 
generating plant. Now,to a consumer there is no particular advantage 
to have this supply floating, so to say, between two generating stations. 
His purpose is served if, when generating, starter No. 1 fails, he can 
get a supply quickly from station No. 2. Taking the scheme given in 
Fig. 1 in the paper, I think that for normal running there should be 
two breaks in the ring main so that substations S5, Sr, S2, and S7 аге 
fed from A and the remainder from Ar. In the event of A failing, 
however, the switches which open the ring main could be closed and 
the entire supply taken from Ar with A disconnected. In other 
words, while adhering to the advantage of an alternative supply we 
keep the amount of plant which could feed, say, a fault consisting of a 
broken-down oil-switch—a fault which, by the way, would not be 
guarded against by the Merz-Price system—to a minimum. Іп con- 
clusion, I am of opinion that the Merz-Price system is an excellent 
one when used in the proper place, but think it wrong to regard it as 
a universal system of control to the exclusion of all others. 
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Mr. E. B. WEDMORE : It may be of interest to state that the cir- 
culating current system shown in a number of the authors' figures was 
independently developed by the British Thomson-Houston Company, 
who have used it successfully and extensively for a number of years. 
We havejalso had under consideration the advantages of the circulating- 
current system as applied to feeder protection, and have developed 
methods of compensating not only for the pilot-wire drop as illustrated 
by the authors, but also for capacity current in the pilot wire. As 
applied to generator and transformer protection, it will be understood 
that the advantage of the circulating-current system is that the usual 
series tripping devices of substantial construction could be employed 
in place of delicate relays, and thus auxiliary supply for tripping pur- 
poses is no longer required. It is not unlikely that the same will 
apply to short feeders, but where sensitive relays may be required 
the advantages attached to the use of auxiliary supply for tripping 
purposes could be retained. "These advantages are, that the condition 
of the tripping devices can be readily ascertained by direct test and 
that plenty of energy is available for causing the switches to trip 
quickly. J attach great importance to the employment of quick-acting 
switches for dealing successfully with fault conditions. When an oil- 
switch trips there are several distinct operations to be completed 
before the contacts commence to separate, and under severe conditions 
the arc will not be ruptured immediately on separation of the contacts. 
Whilst the development of heavy faults when insulation is punctured 
is commonly described as practically instantaneous on extra-high- 
tension service, it has to be recognised that this is not a correct 
description, and if the switchgear can be made to operate in a time 
which is short as compared with the time taken to burn a hole sufficient 
to develop a short circuit to its full extent, the fault can be cleared 
with much less disturbance of the system. Quick-acting switchgear 
has been employed under conditions where, theoreticallv, the devices 
should not have dealt successfully with the fault conditions, and yet, 
owing to quick operation, the apparatus has been able to clear the 
faults without disturbance to the system. 

The problem of dealing successfully with faulty conditions is not 
simply a question of isolating the faulty section of the system, but an 
equally important feature is that this isolation should be carried out 
without the production of disturbances in this system. It is common 
experience on some systems that heavy faults invariably cause the 
disconnection of live load in various remote parts of the system. 
Moreover, it is well recognised that static disturbances are liable to be 
set up by faults. Having regard to the above considerations, I am of 
opinion that if the circulating current system, as applied to feeder 
protection, can be made considerably more sensitive than the systems 
now employed, as we anticipate, better results will be experienced. 
The conditions in a system where the demand is concentrated in a 
small area are likely to be very severe. The effect on the generating 
plant is greater than where long feeders or where transformers inter- 
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vene. 1 1ѕ іп just such a system that the circulating-current system 
is likely to show material advantages. The authors have referred to 
certain devices I have developed for dealing with distributing systems 
which employ duplicate feeders operating in parallel. The arrange- 
ments illustrated by them are typical of these devices, but Fig. 27 i5 
incomplete, which accounts for the defects in the arrangement dis- 
covered by the authors. My scheme includes the employment of 
reverse-current relays normally short-circuiting the trip coils at the 
right-hand end. "These relays serve to ensure that only the defective 
feeder shall be disconnected on a fault. It is not suggested that the 
system is proof under all conditions, and such a system has yet to be 
developed, but owing to the extreme rapidity with which the reverse 
relays employed will operate, I may say that all faults met with 
hitherto in service have been successfully negotiated by these relays, 
and whilst some 200 of them are in use on generators and feeders, 
I have yet to hear of a case where a switch has been opened that 
should not have been opened by the automatics provided. Some of 
the first relays of this type are installed on generators at Summer Lane 
station, where they were subjected to very severe tests before they 
were put into service. 

Messrs. К. FAYE-HANSEN апа С. HARLOW (in reply) : Referring to 
Mr. Hunter's criticism, we would say that besides very extensive shop 
tests we have certainly had more experience of the actual working of 
the gear than he seems to be aware of. We had, of course, before 
starting the development of our gear, and even before deciding to 
become licencees of the Merz-Price Patents, obtained information 
regarding the difficulties met with in the first installations in the 
Newcastle-upon-Tyne system and the first installations in Germany. 
Regarding the diagram of connections in actual usc, scveral other 
schemes of connections besides those of Figs. 9, 13, and 17 have been 
adopted on a commercial scale, though some of the diagrams have 
been included to show the principles involved and also to show which 
connections should be adopted under different conditions. Coming 
now to the system developed by the authors, Mr. Hunter will agrec 
that it is an advantage in case of a break in a pilot wire, that the gear 
will operate (instead of having the feeder unprotected as in the 
balanced voltage system), even if a large current is required for such 
tripping. If, as proposed by the authors, normal full-load current 
only is required for tripping under the worst possible conditions, the 
advantage is obvious, since the gear in case of a break of a pilot wire 
will operate at approximately one-fifth full-load current (with refer- 
ence to Fig. 24). Mr. Hunter objects to the authors’ schemes in Figs. 
23 and 24 on the ground that too many parts require balancing. The 
facts, however, are just the opposite, since experience has shown that 
the whole system is easier to balance than the balanced voltage system. 
In a distribution system as on the North-East coast it is, of course, 
quite satisfactory that a fault current several times larger than the 
normal full-load current is required for tripping, but on smaller 


1911.] GEAR FOR А.-С. CIRCUITS : DISCUSSION. 728 


systems this might result in the gear not operating even in the case 
of a dead fault, should this occur when only a small part of theltotal 
generating plant is running. This is also the reason for the dis- 
crepancy between the 5 volt-amperes input in the transformers 
mentioned by Mr. Hunter and the authors’ figure of 41 volt-amperes 
(Table A, column r), which is calculated on existing apparatus of 
which hundreds are installed, and not on theoretical apparatus. 
For a just comparison it is the volt-ampere input at a current 
corresponding to the fault current required to operate under the 
least favourable conditions which must be compared, and if this 
fault current is, for instance, three times the normal full-load current, 
the input of the series transformers used on the North-East coast 
system would be 45 volt-amperes compared with 41 volt-amperes in 
Table A. As pointed out several times in the paper, both series 
transformers and voltages can be made smaller if the conditions are 
such that the gear only need operate at fault currents, which аге large 
compared with the normal full-load current. We cannot quite agree 
with Mr. Hunter that the normal full-load current should be forgotten 
when designing the protection gear, but we agree that the maximum 
fault conditions should be kept prominently in mind. The series 
transformers should be designed to carry this current for as long a 
time as the protected cable, that is, the primary winding must have 
a section approximately equal to that of the cable. This can be 
done without using a large amount of material in the construction 
of the series transformers and without making them heavy and 
cumbersome. 

Mr. Clothier made some remarks on series transformers having only 
one primary turn. We agree that the insulation of the primary con- 
ductor is easier in this type than in the ordinary series type transformer, 
but so far as the insulation between secondary turns and also thc 
testing for balancing is concerned, we cannot see any advantage of 
the single-turn over other series transformers. In case of small 
systems where the gear is required to trip at small fault currents (say 
100 amperes) it is, however, difficult to obtain satisfactory results with 
a single-turn series transformer. With regard to Mr. Clothier's remarks 
on balancing, it is possible to test transformers up to many times full- 
load current independent of type and number of primary turns. We 
have made a practice of testing the series transformers at approxi- 
mately 20 times the full-load current. A statement of the volt-amperes 
input at full load and the straight line characteristic up to 20 to 30 
times full-load current does not give any real information regarding 
the gear, as Mr. Clothier has omitted to state the fault current at which 
it will operate under the least favourable conditions; this was 
previously pointed out in reply to Mr. Hunter. Referring to the 
trouble due to capacity currents Mr. Clothier is of course right that at 
a given voltage a six-mile cable has such a resistance as to limit the 
primary short-circuit current. Assuming, however, 1,000 amperes per 
square inch as normal current density in the cable system, then in an 
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11,000 volt 3-phase system the maximum short-circuit current on a 
6-mile feeder is approximately 25 times full-load current. "ith 
absolutely straight line characteristic series transformers and unlimited 
supply at the back of a fault, the capacity current flowing in the pilot 
wires at short circuit is independent of the length of pilot wire, but 
proportional to the voltage of the system, so that under these con- 
ditions the safety from capacity current is independent of the length 
of feeder. If, however the series transformer has only a straight-line 
characteristic up to a certain value, or the power behind the fault is 
limited, the danger of tripping due to capacity currents increases with 
the length of the feeder. We would point out, however, that any 
slight out of balance in the series transformer, which might cause over- 
load tripping on short feeders, would not have any effect on long 
feeder sections, since the resistance of the pilot wires reduces the 
secondary current, due to such out of balance. 

Mr. Clothier has criticised the relay shown in Fig. 31. In this 
connection we would say that the masses in the relays are so small 
compared with those in the switch mechanism, that the reduction in 
total time for operation, even if the masses are reduced, is negligible, 
especially as this only can be done by reducing the operating forces. 
The robustness of the relay would be reduced and the danger of 
operation due to mechanical vibration increased, if these masses were 
reduced. We are still under the impression that the additional 
contact in Fig. 32 has been put in as a result of observation that 
the first contact is unreliable, due to the exceedingly light arma- 
ture and the small forces to operate the same. The relay in 
Fig. 31 could easily be fitted with an auxiliary contact attached to the 
indicating device, giving it all the alleged advantages for Fig. 32, 
but the authors consider that the disadvantages introduced entirely 
outweigh the advantages, which latter really are only imaginary 
when the first contact is inade reliable. Regarding the neutral wire 
balancing mentioned by Mr. Clothier, this is really a mixture of the 
balanced voltage and the balanced current system, the secondaries of 
series transformers having different primary currents being connected 
in series. Such a connection does not have the main advantages of 
the balanced current system compared with the balanced voltage 
system. In the authors’ system there are two losses—the losses in the 
series transformers and in the pilot wires. Both are approximately 
proportional to the square of the current going through the feeder, and 
will together only be approximately 5 per cent. of the feeder loss, 
assuming a 200-ampere feeder. If the feeder loss is 2 per cent. at 
normal full-load current, the loss in the protective gear would be 
approximately o'1 per cent. In case operation ata larger fault current 
than normal full-load current is satisfactory, the losses will bc corrc- 
spondingly smaller, so that this point certainly is of no importance. 
We would remark, however, that if the current required to operate 
under the worst possible conditions need not be less than 3 times 
the full-load current of the feeder, the input of the series transformers 
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at normal full-load current would be 14 volt-amperes. This figure is 
for a 6-mile feeder, and for shorter feeders the figures will be 
considerably lower. 

The use of the direct-current trip is alleged to have the advantage 
that it renders periodical testing easy to carry out. Now, we would 
point out that this is usually done by operating the relay by hand, thus 
ignoring any fault which might occur on the relay or relay circuit. 
We consider it quite as necessary to test the relay as to test the trip 
coil, and the equivalent to the above test on alternating-current 
tripping is to operate the trip coil by hand. The system of testing we 
suggest for Fig. 24 is to open-circuit the pilot wires at any point. If 
the gear is set to work at 100 per cent. of full-load current under the 
worst possible conditions, it will then trip if the load current is 20 per 
cent. of the full-load current. 

With most of Mr. Wedmore's remarks we entirely agree. He 
states, however, that the reason for the authors' criticism of the system 
shown in Fig. 27 is due to the fact that this figure is incomplete, and 
he would put in two reverse-current relays to make the gear discrimina- 
tive. We have not shown these relays, as thereby the question of 
drop in voltage in case of fault and also the question of shunt trans- 
formers comes in. Further, if a fault should occur near the genera- 
ting end of one feeder, the power in both feeders may reverse if 
there is synchronous plant running at the substation end. If such 
reversal of power cannot take place, ordinary reverse-current relays 
would give the same discriminative protection as the balanced system 
proposed by him. The protective system shown in Fig. 29, however, 
would be discriminating under all circumstances. Mr. McKenzie 
criticises our action in not recommending the Merz-Price gear for 
use with generators. We might have expressed ourselves more 
clearly. What we intended to convey was that it should not be used 
for generators, except in conjunction with other protection, as we cer- 
tainly think it advisable to protect a generator against loss of field, 
loss of power, and especially it should be cut out at once in case 
of failure between different parts of one phase, as otherwise great 
strain might be put on the rest of the generating plant; and the 
damage to the generator itself will, of course, be considerably greater 
if the generator is not cut out until the fault has developed into an 
earth. 

Replying to Mr. Chamen's remark on testing, these are already dealt 
with in the reply to Mr. Clothier. We have pointed out in the paper 
that two pilot wires can be used with the balanced voltage system, but 
due to the large impedance in series this connection has seldom been 
adopted in practice. We still believe that the balanced current system 
proposed by us is easier to maintain and keep in order, since resistances 
are much simpler than relays and batteries. The extra series trans- 
former at each end is only put in to obtain the advantage of using two 
pilot wires in place of three. We have manufactured balance voltage 
transformers with air-gaps and balanced current transformers without 
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air-gaps, and have found in practice that the latter are much easier to 
balance. With reference to Mr. Chamen's remarks on sensitiveness 
we have stated that, inherently, the balanced current system is more 
sensitive, using the same relays, etc., but we propose to use this 
advantage to obtain a simpler and more reliable gear by doing without 
relays and batteries, and to keep the sensitiveness the same from an 
operating standpoint. As regards teed feeders generally, and Fig. 26 in 
particular, as an example of this, the arrangement will operate quite 
successfully until saturation is reached (just as with the balanced 
voltage system), and after saturation the out-of-balance must reach 
approximately 30 volt-amperes to operate the trip coil direct, while 
only approximately o'9 volt-ampere out-of-balance is required with 
the balanced voltage system. Due to the fact that the impedance of 
other transformers and relays have not to be overcome in the balanced 
current system (as opposed to the balanced voltage system), this operation 
can be obtained without the series transformers reaching an excessive 
size. The protection of transformers having tappings has been 
referred to. We may say that the necessity for the series transformers 
having tappings depends on the size of the tappings, and the short- 
circuit current of the protected transformer. The protection of 
generators has been dealt with in our reply to Mr. McKenzie on the 
same subject. 

Replying to Mr. Taylor, we would point out that the reason the 
minimum tripping current should be kept closely in mind, is that the 
gear must operate when a fault occurs with the minimum generating 
plant running and with the fault current limited by resistance between 
neutral and earth. It is desirable to have this minimum operating 
current as high as possible when the above condition is adhered to, as 
thereby the size of series transformers and the maximum voltage, etc., 
are kept down, and it is easier to arrange the design so that overload 
tripping with maximum fault currents flowing over healthy sections 
will not occur. With reference to the diagram, Fig. 19, we can assure 
Mr. Taylor that the proposed fourth transformer will solve the difhculty, 
and that the gear will operate in case of a short between phases (2) and (3). 
The secondary voltages of the series transformers in these phases have 
the same phase-angle between one another as in star-connection (Fig. 13), 
and the secondary voltages set up by a fault-current between these two 
phases assist each other to force the operating current through the relays 
and pilot-wires as in star-connection. We are interested to hear that Mr. 
Taylor has succeeded in designing a switch to operate in the time and 
in the manner shown in his diagram, and which can be relied upon to 
open the circuit in one five-hundredth part of a second without 
causing dangerous voltage rises. We shall be glad when Mr. Taylor i5 
at liberty to divulge full particulars. Regarding the protection of ring 
mains without pilot wires by means of a relay opening more quickly 
the lower the voltage (which would be easy to construct), we regret 
that Mr. Taylor has not explained his idea more fully, as we are unable 
to conceive such a system of protection which would be successful for 
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use оп ring mains without cutting out any substation in case of a cable 
fault. Dr. Kloss asks if the higher harmonics affect operation in the 
connection of Figs. 8 and 9. We would state that in neither of these 
cases is trouble to be expected, though in the case of Fig. 9 it is theo- 
retically possible. For transformer protection as in Fig. 9 the gear has 
to be set so that it will not be operated by the no-load current, and the 
higher harmonics are not likely to be so large as this. We are in 
agreement with most of Dr. Garrard's remarks, though we think that 
he does not quite do justice to all the cases in which Merz-Price gear 
may be used to advantage. With reference to his remarks regarding 
the setting of relays, this should of course not be left to the station 
attendant, but be carried out by the manufacturer or to his directions. 
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MEASUREMENT OF RELATIVE ANGULAR 
DISPLACEMENT IN SYNCHRONOUS MACHINES. 


By W. W. FiRTH, M.Sc. 


(Paper received Sanuary 27, 1911, read before the NEWCASTLE LOCAL SECTION 
February 20, 1911.) 


When the working conditions of a generator and synchronous 
motor system are changed by alteration of load or excitation of either 
machine, a relative mechanical displacement of the rotors takes place, 
and if the change is sufficiently rapid, there is an oscillation or phase 
swing about the new position of equilibrium which is quickly damped 
out by саду currents and friction. 

The magnitude of the steady displacement is governed by the con- 
dition that the vector sum of the circuit voltages must be zero, or in 
other words, that the resultant of the generated voltages of generator 
and motor is equal to the impedance-drop in the circuit. These 
voltages depend upon the exciting currents of the machines together 
with their armature reactions, whilst the impedance drop is proportional 
to the line current. 

To understand the cause of phase displacement, it is necessary to 
examine in some detail the influence of the armature flux in modifying 
the effective strength of the magnetic field. Consider a 3-phase 
generator and motor system, and assume the distribution of pole and 
armature fluxes to be sinuous in space around the circumference of the 
armature. The conditions in the generator are represented by Fig. 1 
(I.), A, B, and C being the coils of the three phases. Let the current 
in phase A reach its maximum value when the coil edge is 06° of phase 
from the pole centre, reckoned positive to the right and negative to the 
left of the centre line. At this instant the currents in phases B and C 
have reached half their maximum values, and are reversed in direction 
compared with that in phase A. The corresponding magnetic fields 
are shown by the curves a, b, and c of Fig. 1 (II.), and their resultant by 
the curve N,. The latter is seen to be in phase with curve a, that is, 
the maximum value of the resultant armature flux occurs go? of 
phase later than the maximum current in any coil edge ; this flux is 
therefore fixed in magnitude and in position relative to the pole-flux Ny, 
the phase difference being (go + 05) degrees. 

When any coil edge passes through these magnetic fields, voltages 
are generated proportional in magnitude to and in the same phase as 
the fields, These are shown in the vector diagram Fig. 1 (III.), by 
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Ver and Vga, and the resultant voltage of the armature by Vcr. The 
current I. reaches its maximum value 9o? of phase in front of Vea 


or фс behind the resultant voltage, фс being the angle of lag of the 
current in thc generator. The corresponding diagram for the motor is 
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FIG. I. 


I.—Poles and armature with phases A BG. 


1.— Full diagram when current in phase A reaches its maximum a, b, and c fluxes due to 
phases; N their resultant ; №; the pole-flux. 


III.—Vector diagram of Hin generated by pole armature and resultant fluxes $c, фм, 
and фт the angles of lag in generator, motor, and line respectively. 


obtained by reversing the current and the armature fluxes in Fig. 1 
(I. and IL) ; the phase difference of pole and armature fields is now 
(90 — Өм) with the armature flux leading, Өм being the displacement of 
the coil edge from the pole centre when the current reaches its 
maximum value. Умр, Vma, and Vyg of Fig. І (III.) are the voltages 
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generated by pole, armature, and resultant fields of the motor 
respectively. 

Combining the resultant voltages of generator and motor gives the 
impedance drop E of the circuit. 

If the machines are similar the drop E is equally divided between 
them, and the line voltage is represented in magnitude and phase 
position, by Vi drawn through О parallel to the line from the middle 
point of E to Q. 

Phase Displacement shown in Diagram.—When the machines аге 
running in parallel as generators without exchange of current the 
vector diagram reduces to two vectors, Vep апа Vup, equal to 
one another and in opposition. In this case the corresponding coil 
edges of the generator and motor pass the pole centres at the same 
instant. Under load conditions, Vep and Vy» swing towards one 
another, and the coil edges now pass the pole centres at an interval of 
time represented by the angle a in the vector diagram. This angle, 
therefore, is the relative mechanical displacement in degrees of phase 
from no load to full load. The diagram shows that this change of 
phase position is partly due to the change of impedance drop, but 
chiefly to the change of the generated voltages by armature reaction. 
Incidentally, the vector diagram of Fig. 1 shows that even when 
the power factor in the generator is unity, armature reaction has a 
weakening effect on the main field ; in fact, that the angle of lead must 
be considerable before the action becomes strengthening, that is before 
Vor is greater than Мр. It shows also that in the motor the armature 
field weakens the main field when фы is zero and only strengthens it 
when the lag is fairlylarge. Stated generally, we may say that a lagging 
current in the line always has a demagnetising action in the generator, 
and a leading current a demagnetising one in the motor ; further, that 
to produce a magnetising action in the generator or motor, the linc 
lead or lag respectively must exceed a certain value which depends 
upon the magnitude of the line current. 

To test the truth of these conclusions, exploring coils were wound 
round the yokes of the two machines and connected in turn to a 
ballistic galvanometer so that any change of flux in the machine under 
test could be observed. When running under steady conditions the 
synchronising switches were opened and the direction of the kick of 
the galvanometer noted ; it was found that the exploring coil on the 
3-phase generator field gave no magnetic kick when the current lead 
in the line, calculated from the wattmeter readings, was 28°. For 
greater values it was magnetising, and for smaller oncs demagnetising. 
Similarly when the galvanometer was connected to the exploring coil 
on the motor, there was no effect when the lag in the line was 10555; 
for greater valuesit was magnetising, and for smaller ones demagnetising. 
The same results were obtained whether the exploring coils were 
around the yokes or immediately behind the pole-shoes. 

Description of Apparatus for observing Phase Displacement.— 
The machines on which the tests were made are two similar 5-k.w. 
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Westinghouse 4-pole separately excited converters (direct-current 
100 volts) with connections for both single- and 3-phase working. The 
generator was driven by a direct-coupled direct-current motor, and the 
second machine when running as a synchronous motor was loaded 
by a direct-current direct-coupled generator, and when running as 
converter, by rheostats. The four machines are in line, with the 
synchronous machines in the centre. Fig. 2 shows diagrammatically 
the apparatus used for observing or recording phase displacement. 
Fixed on the half coupling on the motor shaft is a sheet-iron ring R 
carrying a pin-hole H. On the end of the shaft of the generator is 


Motor 


' Fic. 2.—Apparatus for Recording Phase Swing. 


fixed a small mirror M with its reflecting surface in the axes of rotation ; 
S is a fixed shield with another pin-hole on it opposite to that in the 
ring. The light from an arc А passes through the two holes in line 
once per revolution of the motor, and strikes the mirror M if the latter 
is suitably adjusted with reference to the synchronous position of 
running. Thence it passes through the fixed lens L to the tracing- 
screen T, or alternatively to the drum D, which carries the recording 
sensitive paper. When relative motion of the armatures takes place, its 
amount is measured by the change of position of the spot of light on 
VoL. 46. 
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the screen or drum. The spot of light is intermittent, which, when 
phase swing occurs, gives rise to a series of dots on the sensitive 
paper. 

The apparatus was calibrated with the machines standing and the 
pin-holes in line. It was found that equal angles of turning of the 
generator armature gave equal displacements on the screen of the spot 
of light, the errors of refraction of the lens almost exactly compensating 
for lack of curvature of the screen. 

Observations of the steady displacement with change of load and 
with change of excitation are plotted in Figs. 3, 4, and 5. Fig. 3 gives 
the curves for change of load with constant excitation in both 
machines, for single- and for 3-phase motors and converters. The 
displacements at two constant specds are given for cach type, from 
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FiG. 3.— Phase Displacement with Change of Load in Single- and 
3-phase Synchronous Motors and Converters. 


which it will be noticed that the displácement decreases with increase 
of speed for any given load ; that it is much less in 3- than single-phase 
machines and less again for converters than for synchronous motors. 
The latter might be predicted from the fact that in converters armature 
reaction is much smaller than in synchronous motors. 

Figs. 4 and 5 show displacements for constant line loads with 
change of excitation of the motor or converter. The curvesare plotted 
to abscissz of flux density in the gap measured by the bismuth spiral 
method, with the machines standing. The generator excitation was 
maintained constant at a medium value d 6,350 lines per square 
centimetre. 

The displacements are plotted from the point at which the fields of 
.generator and motor were of equal value. 


1911.] IN SYNCHRONOUS MACHINES. 


738 


In nearly every case of Figs. 4 and 5 the field of the motor or con- 
verter was reduced until the machine broke step. The 3-phase 


Q 
e 


| 
— 
| 


> 
© 


hase. 
phase 
Un 


3 
| 
| 
| 


in degrees of 
= 


= 
5 


Ut 


Relative mechanical displacement of armature 


Full Lines — Converter 
Dotted » — Motor 
Speed constant 1,000 R.P.M. 
Flux density in gap of 
бепегабог 6550 per sq.cm. 


T Lc wu ——M [UO IS 
1000 2,000 ИШҮ: 4000 5,000 6,000 
Flux density in gap of motor or converter Lines per sa. ст. 
FiG. 4.—Phase Displacement with Change of Excitation in Single- 
phase Motor and Converter. 
50 a A: pi h-— et T ^ dcn — 
b | | 
252 [| FullLines Converter | 
eg Dotted н Motor 
2-2 — Speed 1,500 КРМ. throughout 
E» ux density in gap of generator 
= E 6,350 per эд. cm. 
$3 
Ss 
agro 
ES 
$ 
а 


ES а 


| 2000 ооо E 
Flux density in gap of motor or con 


4,000 5 


verter Lines 


000 
рег sq.cm. 


FiG. 5.—Phase Displacement with Change of Excitation on 3-phase 
Synchronous Motor and Converter. 


converter was, however, a striking exception, the machine continued 
to run on load even when the ficld circuit was opened. 
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FIG, 6.—Photograph of Phase Displacement and Swing. 
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reversed ficld current of about one-fifth the normal value the converter 
slipped half a cycle and remained in synchronism. И was found 
impossible to force the machine out of step by any alteration of its 
excitation. Such a result is possible only in a converter, where the 
necessary magnetic pull of the lines on the armature conductors is 
small, viz., that to supply the friction and iron losses of the machine. 

Though armature reaction and residual magnetism both play some 
part in this action, it is probably almost entirely due to the former. 
When the converter field is weak there is a heavy lagging current 
which magnetises the main magnetic circuit to a sufficient extent to 
provide the driving torque of the armature. 

The exploring coil and ballistic galvanometer method previously 
mentioned proved that the main field was strongly magnetised by the 
armature when the field current was zero. 

Fig. 6 isa reproduction of a series of photographs taken with the 
apparatus. a, b, and c show the phase swinging caused by fluctuation 
of the supply voltage driving the direct-current motor ; this fluctuation 
is shown in curve a and has a maximum value of 10 volts or 2 per cent. 
of the supply voltage; g and k show the displacement and swing in 
3-phase motor and converter respectively, when thc load is thrown on 
and off. A marked contrast, due to the differing armature reaction, 
will be noted in the two types of machine. In the motor the influence 
of eddy currents set up by the moving armature flux during displace- 
ment, when load is switched on, is shown by a time retardation of the 
maximum displacement, which is entirely absent in the converter. 
The contrast is again seen when the load is switched off, the phase 
swing of the converter being considerably greater than that of the 
motor. 

The natural period of swing of the synchronous system may be 
observed in most of the photographs, though it is disturbed in places 
by the irregular impulses coming through the direct-current motor 
from the supply. 

S. P. Thompson * gives the periodic timc of oscillation.of a generator 


He = 
and synchronous motor as T = 25:6 E V LI, where л is the speed of the 


machines in revs. per second, E the generated voltage, I thc 
moment of inertia of the moving parts of the motor, aud L the co- 
efficient of sclf-induction of the two armatures and line. 

The natural period measured on the photographs varies from 
0'32 second to 0'457 second; it depends upon the excitation and load 
of the machines. Taking the single-phase example represented by 
Fig. 5, where— 


T=0457, I = 73ft.21bs, Ez54, п = 25, 
we find— 


L —.0'204 X 1073, or per armature L = 0'102 X 10^? henries. 


* * Dynamo Electric Machinery," vol. 3, p. 526. 
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The value of L obtained from the mean impedance measured when 
standing with the armature in various positions and the field excited 
was IO^? henries. . 

The great difference between these results seems to indicate that 
the voltage drop in alternators is almost entirely due to demagnetising 
armaturc reaction, the true or leakage inductance drop being practically 
negligible. 


DISCUSSION BEFORE THE NEWCASTLE LOCAL SECTION. 


Professor W. M THORNTON: Mr. Firth is to be congratulated upon 
doing a piece of work which has been wanted for a long time. It has 
been talked of for about eight years, but has not been accomplished 
until now. I havetried the same thing myself, using a synchronous motor 
and observing the displacement through a hole in a rotating disc. Mr. 
Firth has approached the problem in a new way and carried it to a 
complete solution. It is difficult to realise the amount of relative 
movement which takes place between machines which are running 
synchronously When Neptune Bank station was started it was curious 
to noticc the tops of oscillograph curves rippling due to phase swing, 
the harmonics running up and down the sides of the curves. Since 
there may be some doubt as to the exact definition of phase swing I 
might explain that it is a mechanical swing controlled by the elastic 
nature of the magnetic lines of force, voltage and current remaining 
strictly in phase in both machines, the latter varying during the swing 
in time with the movement. When there are very large currents in 


Load as ` 
synchronous mobor 


Load аз 
generator 


Fic. A. 


the arinature or large ampere-turns in the poles there is a great side- 
ways displacement of the magnetic field. From Fig. 3, looking at the 
left-hand side, it will be noticed that the curves go in pairs. Take a 
simple case with a 6-k.w. 3-phase converter at the higher speed. There 
is 15 degrees phase displacement between the two machines; this 
can be looked upon as approximately 7°5 degrees for one machine in 
one direction and an equal amount for the other machine in the 
opposite direction, since the machines are exactly alike. There are 
two problems to investigate—the shift of the load and the shift of field 
strength. Mr. Leake suggested plotting phase displacement against 
total load. Mr. Firth’s curves (Fig. 3) give the right-hand side, and it 


Professor 
Thornton. 


Professor 
fhornton. 
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will be noted that these curves do not extend so far as Mr. Leake 
suggested ; at least the working range of these experimental machines 
does not go so far. One of the principal points brought out by the 
paper is the change of the actual magnetic centre-line. Hitherto it has 
been commonly assumed that the maximum voltage is reached when 
the edge of the coil is in the geometrical centre of the field, but it must 
not be forgotten that the magnetic centre-line actually moves, due to 
the bending of the lines on account of the load current. The maximum 
voltage in a generator is thus reached somewhat later than is commonly 
assumed. In the usual theory of the armature reaction in alternators 
it is generally assumed that the demagnetising amperc-turns are pro- 
portional to sing, but I would suggest altering this to sin(¢ +a), a 
being the angle through which the magnetic centre moves. We thus 
have for the ratio of the actual back ampere-turns to the calculated 
ampere-turns sin (ф + а)/ѕіп ф. Take ¢ as зо degrees and a as 15 degrees, 
the ratio is then sin 45°/sin 30? =0°707/o'5 — 1°41. It would thus appear 
that in these experimental machines at least there is 40 per cent. 
more armature reaction than is given by the generally accepted 
theory. 

In the Potier and Fisher-Hinnen methods of predetermining alter- 
nator characteristics the voltage is measured with $ nearly equal to 
go degrees, but it is questionable whether it is correct to do this, as the 
values arrived at are probably in error, due to the phase displacement. 
This might be one reason why the predetermined characteristics of 
large machines generally require some adjustment later. The throw 
which is actually obtained as a result of a change of magnetism in the 
search coil shows that there is a marked cffect due to the armature 
current, although the current and volts are in phase. It may be that 
the neglect of the field shown by the exploring coils in the paper to 
exist when ф is zero, is counteracted by the neglect of the effect of 
displacement of the field sideways, for if the effect of this mechanical 
displacement of the armature coils is neglected the field ampere-turns 
as calculated will be too small, whereas if they are estimated from a 
full-load current test on a power-factor zero they are probably too 
high. In Fig. 3 we see that the alteration in phase displacement is 
much less on 3-phase machines than on single-phase machines for a 
given alteration in speed or frequency. The fact that with an increase 
in frequency a smaller phase movement is obtained is rather opposed 
to what would be expected. It is generally reckoned that the torque 
is better with a low- than a high-frequency machine. Figs. 4 and 5 аге 
very interesting as showing the difference there is between single- and 
3-phase machines. Take the case of flux density of 1,500 in the two 
cases ; for the single-phase machine there is nearly 24 degrees phase 
displacement for 1:92 k.w. and in the 3-phase machine tiu re is slightly 
less than 24 degrees—that is, nearly nine times the phase displacement ; 
the lines of force in the single-phase machine are bent on the average 
nine times more for a given load. 

Mr. W. T. MaccatL: I should like to ask Mr. Firth опе or two 
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questions, particularly with regard to Figs. 4 and 5. If I rightly under- 
stand, what is plotted here is change of relative mechanical displacement 
of armature: I think the curves would have been more interesting if 
they had been plotted to give total displacement of armature, i.e., 
starting with the motor or converter on no-load, loading it to the 
required amount, and then weakening the field at constant load. The 
reason why this would be preferable is that it would enable us to obtain 
some idea of the conditions under which a synchronous motor or 
converter will fall out of step, and possibly to predict which of two 
machines would keep in step longer as the conditions became morc 
onerous. The curves that I have suggested can be obtained approxi- 
mately by combining Fig. 3 with Figs. 4 and 5, but only approximately 
because the speeds are different in the two cases, so that if Mr. Firth 
could let us have the figures it would add to the interest of the paper. 
I have worked them out approximately for the case of the 3-phase 
motor, and find that the total relative mechanical displacement when 
break of step occurs is 364°, 384°, and 454° respectively for the three 
loads of 1°72 k.w., 2°76 k.w., and 4'16 k.w., so that under light load 
break-of-step occurs with less relative displacement than under heavy 
load, instead of the contrary result which Fig. 5 appears to show as 
now plotted. The reason for this apparent anomaly is, of course, that 
the field has been very much more weakened in the light load case 
before the break-of-step occurs. In these same figures the flux density 
plotted is not the actual flux density, but the value which the flux 
density would have but for armature reaction: to obtain fully the 
conditions of falling-out-of-step it would be necessary to estimate or 
measure the actual flux density at, or near, break-of-step conditions. 
I either misunderstood or do not quite agree with Dr. Thornton's 
remark regarding the effect on the field of a current of unity power 
factor. It is true that the usual text-book statement is that such a 
current produces only distortion of the field with no change of strength, 
but the application of any of the graphical methods of dealing with 
armature reaction—Bchrend’s, Potiers, etc.—shows that the field is 
weakened as Mr. Firth has experimentally verified. 

Mr. W. W. FIRTH (in reply): With regard to Mr. Maccall's sugges- 
tion to measure total displacement from condition of no-load and equal 
excitation of the motor and generator is an excellent one, but unfortu- 
nately the range of the apparatus would not permit such a large 
displacement to be measured directly. The method he has adopted of 
combining Figs. 3 and 5 to obtain the total displacement at break of 
synchronism would be quite satisfactory if a correction were made for 
speed in Fig. 3. As Dr. Thornton points out, thc ampere-turns of 
armature reaction are not simply proportional to sin $ as is assumed in 
calculations, but are larger than the value owing to the shift of the 
magnetic centre-line as load is put on. Potier’s method, however, is 
not open to this objection as Fig. 1, III. shows ; the triangle formed 
by Vc», V ca, and Ver has its sides proportional to the pole ampere- 
turns, the armature ampere-turns, and the resultant ampere-turns 
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respectively, aud the angle between Vea and Ver is 90 + фс. Thus if 
the pole and armature ampere-turns are known the effective ampere- 
turns at any power factor cos $, are determinate. The increase of 
displacement with decrease of speed for a given load shown in Fig. 3 
is what might be expected from theorctical considerations ; a higher 
speed is accompanied by a higher voltage in both machines, and, in 
general,a smaller current (since the power is constant), consequently 


armature reaction, and therefore displacement, decreases with increased 
speed. 
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THE BENKÓ PRIMARY BATTERY AND ITS 
| APPLICATIONS. 


By W. К. Cooper, M.A, B.Sc., Member. 


(Paper received December 30, 1910 ; received in final form March 8, 1911.) 


At first sight it may seem strange to contribute a paper to this Institu- 
tion upon a form of primary cell using a bichromate solution. In the 
early days of the electrical industry such a proceeding was quite usual, 
but the day when the primary battery using zinc was regarded as a 
possible competitor with the dynamo has long since passed. Never- 
theless, the primary cell should have been rendered more perfect than 
has been the case ; notwithstanding the many years that have elapsed, 
it has never been so far developed as to give electrical energy 
conveniently and at a reasonable cost, except when the currents 
required are very small. Those who have attempted to obtain a con- 
stant current of, say, то amperes from primary batteries will appreciate 
the truth of this statement. 

Although industrial power from primary batteries consuming zinc 
is not a commercial proposition, the fact remains that if such a battery 
could be made to give an output approaching that of the lead accumu- 
lator, at a constant E.M.F. and without inconvenience, it would be 
warmly welcomed, even though the cost of energy were high compared 
with that of energy from public mains. From force of habit we have 
come to regard such a result as unattainable, and being myself in this 
frame of mind I looked upon the Benkö cell, when it was first placed 
in my hands, with much suspicion. I even went so far as to say that 
the claims were much too rosy to have any probability of truth ; but 
careful investigation has shown that I was very far mistaken, and 
thus I feel the results to be of sufficient interest to bring before 
the Institution. 

Principle of the Benkó Cell.—The cell is due to the Hungarian engineer 
Stephan Benkó, and depends essentially on the idea that if the layer of 
electrolyte on the positive plate (that is, electro-negative element) is 
removed as fast as polarisation sets in, the E.M.F. will be maintained 
constant. The means usually adopted for removing polarisation, which 
is responsible for most of the trouble in primary cells, are rarely quite 
effective; and the incffectiveness of the means becomes more and 
more evident as the solution becomes exhausted through the action of 
the cell. The user would not object so much to polarisation in itsclf if 
it would remain sensibly constant, but this is seldom the casc. The 
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remedy adopted by Benkö is to use a carbon electrode sufficiently 
porous to allow thc electrolyte to flow through it, thus continually 
providing a fresh supply to the surface that is tending to polarise. By 
so doing not only is very effective polarisation obtained (depending, of 
course, upon the depolarising qualities of the solution and its rate of 
flow), but for a given current the polarisation remains quite constant 
provided the cell is not overloaded. 

The method of putting this idea into practice will be understood 
most readily by a description of the cell as at present made. 

Description of the Cell.—For the sake of clearness the construction is 
indicated first diagramatically in Fig. 1. Here the carbon is shownatC, 
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Fic. 1.—Diagram of Benkö Cell. 


and this is best described as a flattened cylinder open at both ends. 
The hard surface of this carbon, as received from the carbon makers, 
is removed by scratch-brushing so as to leave it easily porous. The 
carbon is then provided with a lead cap, L,, at the bottom, and a lead 
ring L, at the top, thus providing a vessel open only at the top. To 
obtain perfect contact between the carbon and the lead, the latter 
is put on under pressure by the simple expedient of holding the carbon 
in a suitable iron holder and dipping it to a depth of 2 metres in a bath 
of molten lead. Under this pressure the lead penetrates thoroughly 
into the pores of the carbon and consequently an exceedingly good 
contact is obtained, the process taking a quarter to half an hour accord- 
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ing to the thickness of the carbon. The iron holder is provided with 
formers so that sufficient metal is taken up to form the cap and ring 
complete in this one operation. 

A lead shell, L,, of sheet lead 1 mm. to 14 mm. in thickness is then 
fitted round the carbon, leaving a small space between the carbon and 
the shell, and is jointed autogenously to the lead cap at the bottom and 
the lead ring at the top, so as to form a chamber all round the carbon. 
We thus have two chambers, one inside the carbon and one outside. 
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IFIG. 2.—Single Benkö Cell (Standard Type). 


The outer chamber is provided with a tube, Т, ; and a second tube, Т, 
is fitted to the lead base and is carried through to the inner chamber. 
This latter tube is carried up and bent over, and there is a small hole, 
H, at the top of the bend. Finally a copper plate, D, corresponding 
with the lead ring, is soldered on to the lead, and forms one terminal, A, 
of the cell.^ The zinc,Z,is inserted into the inner chamber and carries 
the second terminal, B. When in action the electrolyte is delivered by 


* [n later designs this copper plate has been abandoned, the terminal being jointed 
direct to the lead ring. 
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the lead tube, T,, into the outer chamber, whence it percolates through 
the carbon to the zinc ; it then flows off through the lead tube, T, the 
form of which maintains the level constant within the carbon. As 
there is a hole at H, syphoning does not occur, though this may bc 
made to take place in cells so constructed by closing the hole with a 
finger for a few minutes. This is often convenient when it is desired 
to empty the cell. .It will be noticed that the.current is carried away 
from the carbon at both top and bottom, and owing to this form of 
construction, and to the excellent contact between the carbon and the 
lead, very much heavier currents can be taken than is possible with the 
usual form of joint. 

A working drawing of what I will term the “ Type A” cell is repro- 
duced in Fig. 2, in which the lettering of Fig. 1 is retained as far as 
possible. It will be noticed that the space provided between the 
carbon and the lead shell is very small, only 4 mm. The lead, 
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FIG. 4.—Plan of Double Cell. 


however, gives somewhat under the pressure of the electrolyte and for 
that reason it is supported by a wood casing (not shown). The zinc 
plate is carried in an ebonite frame F. The tubes T,, Т„ are provided 
with unions and rubber washers, W,, W., for coupling to other 
tubes as may be found necessary. (The tube T, is not shown 
carried up.) | 

Fig. 3 is à view of a single cell with casing, being one of those 
which were tested. It differs in some small details from the cell shown 
in Fig. 2. | | | 

The carbons at present are not made larger than is shown in Fig. 2, 
but if larger cells are required this is effected by fitting two or тоге 
carbons into one shell. These are thus permanently connected in 
parallel, and the zincs are correspondingly coupled together. Thus 
the flow of electrolyte to such a compound cell is regulated by a single 
tube and the disadvantages of attempting to run separate cells in 
parallel are avoided. Fig. 4 shows a double cell of this kind. Раг- 
ticulars of single and multiple cells are given in Table I. 
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The arrangement adopted for a battery is shown in Fig. 5, which 
illustrates a standard 7-cell battery, and is reproduced to scale from 
working drawings. The clectrolyte is contained in a lead-lined 
tank A, from which it flows (due to its own head) down the lead 
pipe B, through the cock C to the pipe D. The latter branches 
into a common supply pipe from which each of the cells F is sup- 
plied by a tube E, the junctions being by ebonite unions and rubber 
washers, as already described. Similarly the waste from each cell 
is carried into а common waste pipe L (by branch tube К), 
from which an inverted U pipe, G, is taken to maintain the level 
in the cells, and this discharges into the lower tank H. By mcans 
of the cock J the common waste pipe can be opened to this tank 
so that the cells can be drained, assuming that the supply of 
electrolyte has bcen cut off. 


TABLE I. 


Particulars of Cells (New Design). 


Weight | Maximum Current 


Width, | Length, | Height. акшан, with " L” Solution. Watts. 


i 


| Zinc). (Continuously .) 
aces) | Inches, Mb Lhs. D M 
Single cell ... | 1$ | 61 91 88 | 175 26°25 
| Double cell ... | 34 | 61 91 16 5 35'0 52°50 
Triple cell ... | 51 6} 91 26:8 | 525 78°75 
Quadruple cell | 9 6} 9} 363 | 70'o 10502 


Note.—The sizes given include terminals, but exclude pipe connec- 
tions. The current given is for a voltage of r'5 volts per cell. E.M.F., 
2*0 volts. 


When the supply of electrolyte is cut off for the night it is still 
possible to take sufficient current for two to three lamps. For this 
purpose, water, contained in the tank M, is allowed to flow into the 
common wastc-pipe L and finds its way into the inner compartments 
of the cells (the electrolyte having been previously discharged) ; 
diffusion then takes place through the carbon. ‘When normal working 
is resumed the dilute electrolyte so formed is run out. The waste tank 
is provided with a cock through which the spent electrolyte can be 
discharged ; or if the clectrolyte has been only so far used as to be 
good for further action it can be returned to the top tank by means 
of the pump N, the level in this tank being indicated by a pointer, 


| 
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P, actuated by a float. The cells are separated from each other bv 
insulating partitions ; they are all connected in series, and the main 


| 
j 
| 
` 
і 
= 
„= 
S 
ч 
| 
! | 
| 


“> 
SEE 
e 


——— — i 


rat in 
oth ЕИ 
11 И if 4 
noH И 
noH ant 


" 
! 
,» Ty JÈ —— m» e -— lá 
re == =o LAS ^ 
c 


Cross Section Front Elevation 


Fic. <.—5{апдага 7-cell Battery. 


leads are brought up on either side of the stand to terminals R, S. 
It will be seen that the arrangement is compact, the width across 
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the front of the stand being only 254 in. and the depth from front to 
back being 244 in. In order to give the necessary head the overall 
height is 7 ft. 9 in.* Air pressure might, of course, be used instead of 
a gravity feed; this would give greater compactness and might be 
preferable under certain conditions. But even with the arrangement 
shown, for a battery giving a minimum working pressure of 10:5 volts 
and a power up to about 260 watts continuously, the space required 
must be regarded as small. 
TEsrs. 


In what follows the results of numerous tests are given on Туре A 
cells, which were very similar to, but not identical with, the new type 
just described. I would point out that the following figures are only 
the result of my personal experience and do not necessarily imply that 
still better results are unobtainable ; I do not doubt, however, that 
any one with a proper knowledge of the battery will be able to obtain 
results such as those here given. It should also be pointed out that 
the cells with which I worked must be described as * experimental," 
by which is meant that they were not manufactured in quantities, and 
consequently were probably not so good as such cells would be when 
produced on a large scale and subjected to the standardising effect of 
ordinary manufacture. | 

Constancy of E.M.F. and Current, —With a given flow of electrolyte 
an extremely constant current can be maintained up to a certain 
limit. This limit depends largely, of course, upon the composition of 
the electrolyte. "Various electrolytes may be used, and in the case 
of bichromate solutions Benkó recommends the following formulae :— 


Electrolyte “L” for Electric Light, MM LE Etc. 


Water ... ses ce I litre vs 35 fluid oz. 


Sodium bichromate ... 60 grammes 2'I OZ. 


——— + - 
— 
У 


Sulphuric acid (concen- | 


trated), sp. gr. 1°84 ; I20 CC. ax 42 fluid ... 


Electrolyte “ P" for Heavy Currents. 


| Water... T p 1 litre га 35 fluid oz. 


Sodium bichromate ... 100 grammes 3502. .. [| 


P 
Sulphuric acid (concen- | | | 
trated), sp. gr. r 84 A E I50 С.С. TP 5°25 fluid o7. 


* In later batteries this height has been considerably reduced. See also footnote 
on p. 760. 


VoL. 46, 49 
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Electrolyte “T” for Telegraphic Work. 


—Ó 


Water... aes ps I litre T 35 fluid oz. 
Sodium bichromate ... 5 grammes 17502. ... T. 


Sulphuric acid (concen- | Эбы. oe o'88 fluid oz. 


trated), sp. gr. 1°84 ... 


The usual commercial qualities are used, but only clear solution 
should be taken, because the cell acts as a filter and would become 
clogged. Potassium bichromate should not be used as it tends to 
deposit double sulphate crystals when decomposed, and these block 
up the pores of the carbon. The E.M.F. with these solutions is 
2°0 volts, rising sometimes to 2°05 volts. 

The currents obtainable continuously with the first two solutions 
in terms of the area of the zinc (taking both sides into the measure- 
ment) may be taken as follows :— 


Per Square Decimetre. Per Squarc Foot. 
| 
Solution L ... ТЕ dis 6 amperes 56 ampercs 
Solution P ... Vus ate IO s 93 J 


These values, however, may be taken as the limit obtainable with 
a high rate of flow. When the flow is restricted to 4 litre per cell 
the current falls to a lower value (at least with the cells that I have 
used); thus for solution L it becomes reduced to, say, 30 amperes per 
square foot if the potential difference is not allowed to fall below 1'5 
volts per cell. It is advisable to maintain this pressure limit, because 
if the potential difference falls below this value for a considerable 
time the cell appears to be unable to maintain its E.M.F., which may 
then fall gradually to a low value. This is undesirable, as the pores 
of the carbon apparently become filled with reduction products and 
take time to recover (and these products have to be washed out by 
fresh electrolyte or water). 

From the nature of the cell it follows almost as a matter of course 
that constant currents must be obtainable because the condition of 
the cell remains unchanged so long as the rate of flow is maintained 
constant and the internal resistance is fixed. The discharge curve 
given in Fig. 1o is a confirmation of this view, if such is needed. 

Local Action. —With an acid electrolyte there must always be а 
certain amount of local action, and this can be measured. In the 
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present case, however, it is impossible to give any definite figures for 
this loss in a general way because it varies with the flow of electrolyte 
and with the current taken from the cell (owing to the fact that this 
alters the composition of the electrolyte) and with the state of the zinc. 
In a number of experiments on zinc consumption I found that from 
about one-fifth of the zinc (regarding this as pure zinc) under the best 
conditions, up to about one-third (with the plates in a poor condition 
and a rapid flow) appeared to be wasted ; but this figure, of course, 
is in excess of the true local action. It is, however, on open circuit 
that local action is the most important, and under these conditions the 
loss in the Benkó cell is much smaller than in other cells of the acid 
class because the flow can be stopped, and then the amount of electro- 
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Fic. 6.—Relation of Terminal Volts and Terminal Watts with Amperes. 
Туре “А” cell, Solution " L.” 


lyte in contact with the zinc is very small ; thus in the A type cell 
it is less than 200 cub. cms., and this becomes the less effective as 
regards local action the longer it is in contact with the zinc. It might 
be thought that serious local action would take place through the tubes 
connected to the common supply of the electrolyte on the one hand 
and to the common waste on the other. There is, of course, a potential 
difference between the tubes of one cell and those of another, but this 
is localised by the ebonite unions and rubber washers used for coupling 
up the pipe work, and so far as could be seen no corrosion of the tubes 
took place during the six weeks this particular battery of four cells was 
under test. As to how many cells could be coupled up in this way 
without giving trouble through local currents it is difficult to Say. 
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Some rough expcriments were made to sec if the local action was 
greater per cell in this 4-cell battery than in a single cell, the electrolyte 
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Fic. 7.—Heavy Current Test on Constant Resistance. 
Initial current, 35 amperes. Type "A" cell. Solution * P." 
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Fic. 8.—Heavy Current Test on Constant Resistance. 
Initial current, 64 amperes. Туре “А” cell. Solution “~ P.” 


being allowed to flow very slowly. So far as the experiments went they 
tended to show no increase of local action in the battery as compared 
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with the single cell, but in order to arrive at a conclusive result it 
would be necessary to work with zincs as far as possible identical, with 
the flow the same in all cases and with some assurance that the flow of 
cach of the battery cells is the same. 

Internal Resistance and Polarisation.—It is difficult to separate these 
two quantities with certainty, and no attempt has been madc to do so. 
Fig. 6 shows how the terminal pressure and terminal watts vary as the 
current is increased. The currents were not taken momentarily from 
the cell, but the external resistance was decreased step by step as 
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Minutes 
FiG. 9.—Heavy Current Test on Constant Resistance, 


Initial current, 83 amperes. Type" A" cell. Solution “Р.” 


quickly as the readings could be taken, and therefore polarisation 
no doubt reduced the higher current readings to some extent. The 
liighest outputs shown would not be maintained for any long periods, 
as the cell is overloaded. "This test was made with solution L. 

The tests shown in Figs. 7, 8, and 9 were made with a similar 
single cell, using the stronger solution P at a head (between the 
bottom of the tank and the top of the overflow tube) of 453 in., which 
gave a flow of about r9 litres per hour. In each of these tests the 
external resistance was maintained constant, and the fall of current 
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was observed for 15 minutes. The current might have been main- 
tained longer, but the cell became very hot with such heavy discharges. 
] Short.circuit tests with the L solution showed momentary cur- 
rents of тоо amperes at a terminal voltage of o'5 to o'6 volt, the current 
falling to 80 amperes at the end of 5 seconds. With the stronger P 
solution momentary currents of 200 amperes were taken at a terminal 
pressure of o5 to О°55 volt. It follows, therefore, that the internal 
resistance is well below o'o1 ohm, an extremely low figure. This result 
is no doubt due largely to the excellent contact between the lead shell 
and the carbon, both at the top and at the bottom. 
Specific Outpul.—It is a little difficult to compare the output of a 
Benkó cell with that of accumulators or other cells, because a tank 


TABLE II. 
Current Output per Square Foot of Plate. 


E 
Maximum Current 
Current per Square Foot of Z nc, 
Cell. taking each Side. _ Bu per 


56 (6 amperes per нге 


ко А type, solu- 

tionL .. decimetre) 16 amperes. 
Benkö, A type, solu- 

tion P iss decimetre)  ... 27 


| 
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Lead accumulator 


(stationary type) foot o postive pite 


go (10 amperes per Square И 
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25 amperes per square, 
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is necessary for containing the electrolyte. If this is omitted from the 
calculation the Benkó cell is placed in a rather unduly advantageous 
position. On the other hand, it is difficult to fix on any particular size 
of tank because this will vary with the rate at which the cell is worked 
for a given timc. We might, for example, take a tank having a capacity 
of 4 to 6 litres for an 8-hour run, but this would not be altogether fair, 
because a cell with such a tank could run for any length of time, if 
replenished at intervals, until the zinc had been consumed. Also 
if it is merely a question of a 1-hour run the tank would be much 
smaller. I feel, therefore, that a definite basis can only be obtained by 
disregarding the reservoir, and the following figures are given on that 
basis. 

The usual method of comparison, namely, the specific output 
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expressed as watt-hours per pound, cannot be applied in this casc 
because the capacity of the Benkó cell has no particular time limit. 
We are therefore restricted to a comparison on the basis of power in 
watts per pound. There is also the question of the maximum current 
obtainable continuously. 


TABLE III. 
Power фет Pound of Cell. 


| Cell. Watts per Lb. | 
Benkó, A type, solution L ... 2:4 (continuously) | 
Benkö, A type, solution Р  ... 4 (continuously)! 
| | 

' Lead accumulators (auto- | 
mobile cells)... ss | 24 (5-hour rate) | 
Lead accumulators (stationary, | 4 (8-hour rate) | 
in glass boxes) iss pas I (3-hour rate) | 


Dealing with this last point first and taking 1°5 volts per cell as the 
minimum terminal voltage for continuous working, we have the results 
given in Table II. 

From this it appears that the current output of the Benkö cell is 


TABLE IV. 


Power per Unit Volume. 


Cell. Watts per Cubic Foot. 


Benkö, А type, solution P 670 (continuously) 


| 

Benkö, A type, solution L .. реттен 400 (continuously) 
| 
| 400 (5-һоиг rate) 


Lead  accumulators  (auto- | 
mobile cells)... е 


, Lead accumulators аиы | 120 (3-hour rate) | 
| in glass boxes) i 60 (8-hour rate) ! 
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much higher than the current output of the central station type of lead 
cell, even at the r-hour rate. This is due partly to the low valuc of 
the internal resistance, which permits high currents to be taken, and 
partly to the fact that there is no delicacy of active material (as in 
accumulators) to be considered. 


"6A COOPER: THE BENKO PRIMARY BATTERY (March 8th, 


Coming to the weight basis of comparison, the weight of the Benkö 
cell supplied to me was about то Ibs. per cell, including casing, the 
electrolyte in the cell and the zinc, but excluding pipe connections. 
Taking again 1'5 volts per cell as the minimum terminal voltage we 
have the results given in Table III., which shows that the power 
as compared with lead accumulators is high. 

Another basis of comparison is that of power per unit volume. 
From Table IV. it will be seen that the Benkó cell again stands very 
well compared with accumulators. 

At high rates of discharge the figures for accumulators become more 
favourable, but the Benkö cell also is capable of higher rates for short 
intervals, and it has the great advantage that short circuits do no harm. 
The above figures are not given with the idea that accumulators will 
be promptly superseded, but to show the capabilities of the Benkó cell 
as compared with cells that are well known. 


APPLICATIONS. 


I do not propose to discuss all the possible applications of a battery 
of this kind, but I will refer to a few of the most important. 

Laboralory and Miscellaneous Uses. — The requirements of the 
laboratory will at once come to mind, particularly to those readers 
who have had the misfortune, like myself, to depend upon primary 
batteries in experimental work, especially if any considerable current 
is required of a steady value. Moreover, the preparation of a primary 
battery for an efficient life of such short duration is always irksome 
and generally involves “mess.” Even if accumulators are available, 
they require carcful supervision. The Benkó cell has the advantage 
that it is small, easy to handle, and requires no careful attention. 
When it is not required it can be left on one side without fear of 
deterioration, the only desirable precaution being the running of some 
water through it to free it from the used electrolyte after heavy work. 
Since laboratory requirements are very varied, heavy currents being 
required at times, it is desirable to work with a voltmeter across the 
terminals so as to sce at a glance if the battery is being overloaded. It 
may be mentioned that if the strength of the electrolyte is varied, some 
considerable time (say, half an hour) elapses before the full effect of 
the change is felt. If a cell refuses to take its normal load through 
improper using, a thorough wash-through by allowing water to flow 
through the cell, followed by electrolyte, the current being then raised 
gradually to the desired value, will set matters right. 

The charging of ignition cells, electro-plating on a small scale, and 
possibly submarines (owing to the peculiar conditions involved) are 
fields in which such a battery would prove useful. ‘There is also the 
electric lighting of yachts having no generating plant. At present this 
is sometimes effected by means of accumulators which are taken 
ashore for charging as opportunities may arise. Such a method 
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however, has obvious drawbacks and limitations, and a convenient 
primary battery would, no doubt, be welcomed as a substitute. 

The electric miner's lamp has made but small progress in this 
country, although both accumulators and primary cells have been 
tried. For this work a lamp has been designed in which the Benkó 
cell used is very small and the electrolyte is under pressure. Possibly 
this design may prove a solution to the problem, but I am unable to 
speak from experience on this point. 

Telegraphy, — Although accumulators are being employed in- 
creasingly in telegraphy owing to their small internal resistance 
there are many cases in which they cannot be so applied, aud there- 
fore large numbers of primary cells are still in use for telegraphic 
work. Among these, bichromate cells of the quart and three-pint sizes 
figure largely and involve a good deal of cost and work in their 
maintenance. 


Fic. 10.—Discharge Curves of Benkó Cell. 
Type "A." Solution " L.” 


In order to show the capabilities of the Benkó and ordinary 
bichromate cells (without porous pot), the curves in Figs. то, 11, and 
I2 are given. Fig. ro shows the record taken by a recording ammeter 
of the discharge of an A type Benkö cell along with plotted curves of 
terminal pressure and terminal watts. It is seen that a remarkably 
constant current of over 12 amperes was taken from the Benko cell 
for six hours and the current was then increased to over 17 amperes 
for about two hours. The latter part of the discharge took a little time 
to become steady, due no doubt to the additional heating of the cell. 

The bichromate cell used for comparison held three pints of the 
same electrolyte and had one zinc plate and two carbons ; all three 
plates were 6} in. wide and were immersed to a depth of 7} in. It will 
be noted that the area of the zinc was more than double that of the 
Benkó cell, and the carbon surface also much greater (though a little 
less in proportion). Yet when this cell was switched on to the same 
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circuit as that which carried 12 amperes in the test just referred to, the 
current, which rose momentarily to 9:6 amperes, fell quickly below 
8 amperes, and continued to fall as shown in Fig. 11. The potential 
difference and watts also fell rapidly. Even when a circuit of higher 
resistance was used, giving an initial current of 6 amperes, the current 
fell off after a couple of hours, as seen in Fig. 12. It is this charac- 
teristic which is so annoying to users of the ordinary primary battery, 
but which is so completely eliminated by the Benkö cell. 

Since the currents used in telegraphy run merely to some milli- 
amperes, it will be scen that Benkó cells very much smaller than the 
type A (for example, less than a quarter that size) would give the 
necessary current for telegraphic work. Such cells have been made, 
and they present the advantage of occupying a much smaller space 
than the usual primary cells, and, moreover, are equivalent to the 
accumulator in constancy of E.M.F. and low value of internal resist- 


Fic. 11.—Discharge Curves of 3-pint Bichromate Cell, on same 
Circuit as in Fig. 10. 


Solution “ L.” 


ance. Obviously also they would be much simpler to keep in order 
than a battery of ordinary bichromate cells.* 

Country House Lighting.—ln the applications so far discussed, the 
cost of energy is not of paramount importance, but I wish to refer now 
to a field where the cost must be taken into account. Country houses 
above a certain size can be supplied very efficiently with electric light 
by the usual type of private plant. But if the house is below a certain 
size (for example, one requiring fifty 10-c.p. lamps), an oil engine set, 
with its attendant accessories, presents very marked disadvantages. 


* For work of this kind the flow need only be very slow. Since this paper was 
written a type of Benkö cell has been developed in which the compartment outside 
the carbon is filled with very strong electrolyte and the inner compartment is merely 
filled with water; circulation of the electrolyte then takes place by ditfusion, there 
being no supply апа waste pipes, or pressure reservoir. Probably cells of this kind 
will be the most suitable for telegraphy and for miners’ lamps where only small 
currents are required. 
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These disadvantages are chiefly due to the fact that such plant is 
expensive and involves the running of machinery which must receive 
a certain amount of skilled attention. The skill is often acquired by 
the gardener, or other handy man, but in many of the smaller country 
houses, particularly if unoccupied for a good many months in the year, 
it may be felt that even this rough skill cannot be conveniently sup-. 
plied. During the last few years the use of the low-voltage metal 
filament lamp has very materially modified the position, reducing the 
necessary outlay ; but even so there are many people who hesitate to 
spend money on such a plant to light a house of the size mentioned. 
All who have been concerned in this class of work are well aware that 
there are any number of country houses where electric light would be 
welcomed but for these difficulties. 

Let us take the case of a house requiring fifty 10-c.p. metal lamps. 
A pressure of 25 volts would be adopted, and as the house would not 


^ 
Hours 
Fic. 12—Discharge Curves of 3-pint Bichromate Cell on Higher 
Resistance, to give 6 Amperes Initially. 
Solution “ L.” 


be wired throughout, we may assume that a large proportion, say, 75 
per cent. as a maximum, would be in use at one time, and would 
require a current of 15 amperes. A battery of accumulators would be 
necessary and the generator would have to give an output of about 
t's k.w. In order to avoid nuisance from noise and smell it is neces- 
sary to put down the plant at some distance from the house and to lay 
an underground cable, which is a considerable item in the cost. Asa 
rule also a special building has to be erected. A complete installation 
of this kind, excluding the house wiring, will cost, roughly, about £200. 

The cost of merely running such a plant is comparatively small, as 
the paraffin, oil, waste, etc., amounts to very little. But if interest on 
the outlay is taken at 5 per cent., depreciation and repairs at 74 per 
cent., and labour only at one hour per day, or 300 hours at 6d., the 
total cost is considerable, and for 400 units per annum would amount 
to about rs. rod. per unit. Of course the high price is off-set by the 
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advantages of the light, and thus people are willing to pay accordingly, 
but the smaller the house the less advantageous is such a plant, and the 
less the occupier is willing to spend. 

We may now take as an alternative а Benkó battery. No special 
building is necessary. A battery of 16 or 17 cells would give a work- 
ing pressure of 25 volts, and as the space occupied would be small 
(say 5 ft. 6 in. x 2 ft. 6 in. x 8 ft. high) accommodation would 
generally be available, without alteration. By using a pressure tank 
even this space could be much reduced. There would be no objection 
to having the battery in the house, as it is free from smell, and thus it 
would be connected direct to the house wiring without the necessity 
for underground cable and consequent drop of pressurc. The cost 
would be small, probably in the neighbourhood of £20. 

With regard to the cost of running the battery, prices of materials 
(wholesale) may be taken as follows: Amalgamated zinc plates, about 
£34 per ton; sodium bichromate, 3d. рег lb. ; concentrated sulphuric 
acid, £3 2s. 6d. per ton, or more dilute acid, ќт 10. per ton. At 
these prices and allowing for local action and waste zinc which is 
re-sold, I have found that electric energy can be generated con- 
tinuously with the L solution at a cost of about 2s. per unit, thc cost 
varying with the conditions as mentioned below. This figure is made 
up approximately as follows on the assumption that the waste zinc 
would amount to about 25 per cent. and be re-sold at, say, £1 105. 
below the market price of raw zinc :— 


Per Unit. 
Zinc eee eee eee eee evoe eee Iod. 
Sodium bichromate A" Н xt SN 11а. 


Sulphuric acid... ds SY ids s 3d. 


24d. 


Cost of carriage would, of course, have to be added for cach 
particular case and also the cost of labour. The latter would be very 
small if proper facilities were provided, as a solution of the kind used 
is made very quickly. From what has already been said, a cost of 25. 
per unit is not prohibitive, and even 2s. 6d. per unit would not be out 
of the question. The smaller the house the more favourable is the 
position of the battery as compared with other plant. There are many 
small country houses where owners would be prepared to wire a few 
of the principal rooms, and use, say, 200 units per annum at sucha 
price, for even at 2s. 6d. per unit this would only amount to £25 per 
annum, which sum would often be gladly paid for the advantages 
gained. A strong feature of such a battery is that it requires no 
attention when not in use, and in this respect it is at an advantage a5 
compared with accumulators. 

The simplest method of working such a battery is to turn on the 
flow of electrolyte when the light is required, and the flow would be 
turned off on retiring at night. This would still permit the use of an 
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occasional light during the night owing to the quantity of electrolyte 
in the cells, and it is stated that two or three ro-c.p. lamps could 
be supplied for the whole night by the battery here considered. Or 
water may be run in if a water tank is provided, as in Fig. 5, the cells 
thus acting by diffusion. It would seem, however, that some arrange- 
ment for the automatic regulation of thc flow of electrolyte would be 
preferable in many cases, as the cost in practice must depend largely 
on the way in which the battery is used. 

With a uniform flow it follows that if the electrolyte is exhausted 
to an economical extent with thc full load, it will not be properly 


Litres 
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Kilogrammes of Bichromabe 
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Grammes of Bichromate in formula of Solution L 


FIG. 13.—Experimental Curves showing Effect of Varying the Quantity 
of Bichromate in the Solution. 


used up at times of light load. To remedy this to some extent the 
electrolyte after passing through the cells may be mixed with some 
fresh electrolyte (in the proportion of, say, 3 parts of the former to 1 
of the latter) and returned for further use. This “refreshed” solution, 
however, is not capable of taking so heavy a load as the original 
solution. For that reason, and having regard also to the fact that the 
bichromate may easily be the most expensive item in the cost, it may 
perhaps be preferable to use a solution once with less bichromate 
rather than a richer solution twice, notwithstanding the fact that the 
battery will not take such a heavy load. With this point in view I 
гап a cell with a series of electrolytes differing only in the quantity 
of sodium bichromate (otherwise it was the L solution); and the 
current was varied to find the maximum current that could be 
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supplied continuously at a pressure of 1°5 volts and with a flow of 
4 litre per hour. The quantity of bichromate per k.w.-hour was then 
calculated. The results obtained are shown in the curves of Fig. 13, 
and it will be noticed that the cost per unit becomes lower as less 
bichromate is used. Probably also the local action is less. An 
objection to pursuing this course very far is that, apart from the 
capacity of the cell being reduced, the quantity of electrolyte to be 
handled becomes larger. It might, however, be an advantage to use 
30 grammes per litre as against 60 grammes in the solution L, saving 
about 3d. per unit.* 

With regard to labour, it may be mentioned that the zincs weigh 
I ib., and if we take 3 lbs. (a high figure to allow for waste and 
unused zinc) per unit, then a single cell will give 4 unit and a 
battery of 17 cells will give 5% units before the zincs need be changed. 
If a house is using 1 to 2 units per day this means that the zincs are 
changed once or twice a week. As the operation is very simple it 
takes very little time. 

From the point of view of labour the electrolyte is more important 
than the zinc. With a constant output the amount of electrolyte per 
unit will be, say, 7} gallons. If, however, a battery such as we have 
assumed is allowed to flow steadily at a rate of 4 litre per cell, then a 
5-hour run would require 9j gallons. This emphasises the desirability 
of automatic regulation of the flow. If hand regulation is adopted 
and not properly applied the amount of solution required might thus 
be as much as 15 gallons per day in the winter, or say 10 gallons per 
day if the electrolyte is used twice and “refreshed.” On the other 
hand, with automatic regulation this quantity once or twice a week for 
I to 2 units per week would be enough. With proper arrangements 
the handling of these quantities would take very little time. These 
figures emphasise the fact that the cost of running depends largely on 
the method of running. 

As far as can be judged the cost of repairs should be very small, or 
negligible, and equally the interest on capital is scarcely worth con- 
sidering. It follows, therefore, that electrical energy can be generated 
at about 2s. per unit under favourable conditions, and this cost will 
vary according to the carefulness of the regulation. 


From what has been said I think it will be admitted that the Benkc 
cell provides an electric generator which will be found extremely 
useful for many purposes, and that it opens up a field in the lighting 
of small country houses which has hitherto been closed to this form of 
illumination. 


* Since the above was written batteries have been made up combined with асси» 
mulators. In such cases the head is reduced to 50 cms. and the flow of electrolyte 
is cut down to one-fifth litre per hour per cell. A 24-volt battery then consists of 18 
Benkö cells in parallel with 12 accumulators, and is stated to be capable ot running 
seventy 16-c.p. lamps for seven hours at a time. In this case the Benko cells are run 
more economically as regards the electrolyte and at a reduced output of 8 to 10 watts 
per cell 
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the joint of either the 
Suction or Discharge Pipe. 


е «ин 


FOR LIFTS UP TO 80 FEET. 


TURBINE PUMPS 


FOR HIGH LIFTS. 
Write for List No. 365. 


Pulsometet Engineering Colt 


LONDON: 
Offices 


| Broad Sanctuary Chambers, Westminster, 8.W. 
| 


READING: 
Works 


Nine Elms Iron Works. 
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W. H. WILLCOX & x Ltd., Enzineers' Stores, 23-38, Southwark St., London. 
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В. WAYGOOD & CO., LTD. 


Lift Makers to His Majesty the King. 


ELECTRIC LIFTS 
OF ALL KINDS 
For PASSENGERS 
GOODS, &c. 


Catalogues and 


Estimates Free. 


WAYGOOD LIFTS 


Electric, Hydraulic, Belt-Driven, or Hand Power. 


FALMOUTH ROAD, LONDON, S.E. 


Vill 


BUYERS’ GUIDE—continued. 


Rlectrie Wire and Oables— PAGE 
Henleys, W. T. Telegraph Works 
Cos Ша... London, К.С. 18 
Hoo оорегв Telegraph and India Kubber 
orks, Ltd...................... London, Е.С. 2 
Klectrie Wire and Oables— 
Liverpool Electric Cable Co.,Ltd. Liverpool 17 
Electric Cooking and Heating Applianoes— 
British Prometheus Cu., Ltd., 
( Kingston-on-Thames 15 
Electrical Engineers and Contractors— 
Clarke, T., & Со. ............... London, S.W. 3 
Electromotors, Ltd., 
үО{епзлам, Manchester i 
White, J. G. & Co., Ltd.......... London, E.C. 
Electrical шыш RN 
Sulzer Bros. .................... London, W.C. 4 
Weston Electrical Instrument Co. 
[London, ЕС. 9 
Electric Lighting— 
пи Welsbach " M: Gas Light 
Rp» |. PRs eres ae ...London, W.C. 2 
Fan ‘Makes, 
James Keith & sea п отраву, Ltd. те 
Sulzer Bros ...London, W.C. 4 
Gas Burners— 
Goodson, John H. ..............London, SE. 2 
Gas Engines— 
Galloways, Ltd...................... Manchester 19 
Gas Governors— 
Goodson, John Н. ............... London, S.E. > 
Gearing— (Newcastle-on-Tyne 
Angus, George & Co.. Ltd. 
Coventry Chain Co., Ltd. (1907).. Coventry 15 
Glass Brushes— 
Heap and Iohnson............... London E.C. 1$ 


Tel. No. : 
2029 HOLBORN. 


Station and Portable. Types Standardised and 


| 


| 


Heating Engineers— PAGE 
James Keith & Blackman Company, Ltd. 
Hot Water Meters— (London, ЕС 11 
Glenfield & Kennedy, Ltd. ...Kilmarnock 13 
Hydraulio Machinery— 
Henry Berry & Co. Ltd. л Leeds 10 
Incandescent Electric Lamp Makers— 
Stearn Electric Lamp Co, Ltd. 
Induced Draught— London, SW. 17 
James Keith & Blackman Co., Lt . 
London, Е.С. 11 
Insulated Wirea— 
Непіеу'в. W. T., Telegraph Works Co.,Ltd. 
Insulating Material— (London. E.C 17 
Major & Co., 144............................ Hull 6 
Litholite, Ltd...................... London, N.E. 10 
Nobles & Hoare (Ltd )..........London, S.E. 1a 
Insulators— 


Goodson, John H. 
India Rubber. Gutta Percha, and Tele- 
graph Works Co.. Ltd....... London, 
Litholite, Ltd...................... London, N. E. 
Jointing— Jenkins Bros., Ltd....London, Е.С. 
Lifte— Smith, Major & Stevens. Ltd. 


London, S.W. 
Waygood, К. & Co., Ltd....... London, S. E. 
Lubricating Oiis— 
Price's Patent Candle Co.. Ltd., 
London, S.W. 
Stern Sonneborn Oil Co., Ltd. London E.C. 
Lubricators— 
Jenkins Bros., Ltd. ............ London, R.C 
Willcox, W. H. & Co., Ltd.. ..London, S.E. 
Motallio Filament Lamps— 
The Welsbach Incandescent Gas Light 
CO Ltd. сузу oae London. W C 


"n London, S.E. 


WESTON . DEAD-BEAT 


MOVING COIL 


INSTRUMENTS. 


«NOGNOT GHIOAId » 
L 


Repaired at our 


London Office and Laboratory :— 


AUDREY HOUSE, ELY PLACE, HOLBORN, Е.С. 


WESTON ELECTRICAL INSTRUMENT CO. 


HENRY BERRY & CO., LTD., 


Makers of LEEDS. 


itn. HYDRAULIC MACHINERY 
and ELECTRIC CRANES 


Of every Description 


LITHOLITE, - LTD. 


! 
| 
| 
55, ACRA Өгө Grove, Tm N.E. 
( 


MOULDED ED INSULATORS 
Of Every Description, including 


HANDLES, BUSHES, WASHERS, &c. 
BRUSH GEAR | ‚ INSULATION A TION A SPECIALITY. 


WRITE FOR CATALOGUE. 
Telegrams: “ FERRULES, LONDON." Telephone: DALSTON 592. 


| 


PURE BRIM STON E 


SULPHURIC ACID 


SPECIALLY PREPARED FOR ACCUMULATORS. 
AND SUPPLIED TO EYERY BATTERY MANUFACTURER IN THE COUNTRY. 
ANY SPECIFIC GRAVITY. 


Сас ае given for aah i о any Station in the Kingdom or for Export 
f.o r c.i.f. to all ports. 


H. N. MORRIS & C0., LTD., MANCHESTER, S.E. 


BUYERS’ GUIDB—continued. 


Meters— PAG? 
Ferranti. Ltd.............. Hollinwood, Lancs. 1 
Mill Ge.ring— 
George Saxon, Ltd. ............... Manchester 13 
Motors— 
Electric & Ordnance Accessories Co . Ltd. 
(Birmingham 


Electromotors, Ltd., 
Openshaw, Manchester 
India Rubber, Gutta Percha, and Tele- 


graph Works Co.. Ltd....... London, E.C. 
ОП Cans— 
Kaye, J. & Sons, Ltd...................... Leeds 
ils— 
Price's Patent Candle Co. Ltd. 
London, S W. 
.London, S.E. 


Wilcox, W. H. & Co., Ltd. .. 
tors— 


Oil 

Stern Sonneborn Oil Co , Ltd...London,E.C. 

Baker Oil Senarators Co.. The — Leeds 
Power Transmission Acoessories— 

George Saxon, Ltd. ............... Manchester 

Baker Oil Separator Co., The ......... Leeds 

Pulsometer Eng. Co.. Ltd. ......... Reading 

Henry Berry & Co., Ltd. ............... Leeds 

Sulzer Bros. ..... London, W.C. 
Raw-Hide Gears— 

Angus, George & Co., Ltd. 

(Newcastle on-Tyne 

Reducing Valves— 

Bailev. W. H. & Co., Ltd. ....... ....Salford 
Steam Boiler Makers — 

Galloways, Ltd...................... Mancheste: 
Steam Engine Makers— 

Galloways, Ltd...................... Manchester 

George Saxon, Ltd. ......... ..... Manchester 

Sulzer Bros. ..................... London, W.C. 


JAMES 


21, Farringdon Avenue, 
| London, E.C. 


KEITH & 
BLACKMAN Co. Ltd. 


Inouceo DRAUGHT. 


D VenriLATION, Ete. 


| And at Manchester, Leeds, Birmingham, Glasgow, and Belfast. 


Steam Separators — PAGR 
Heap & Iohnson ............... London, E.C. 15. 
Віват Turbines — 
Sulzer Bros. ..................... London, W.C. 4 
Storage Batteries— 
Hart Accumulator Co., Ltd....Stratford, Е. 5 
Submarine Cables— 
Henley's, W. T. Telegraph Works Co.,Ltd. 
hes— London, Е.С. 18 
Ferranti, Ltd.............. Hollinwood, Lancs. 1 
Telephone Cablee— 
Henley's, УУ. T., Telegraph Works Со. Lid. 
London, E.C. 18. 
Telegraph Poles (Wooden)— 
Bruce, Alex. & Со. .................... Glasgow 
Wade. R., Sons & Co., Ltd. MOOR Hull 13 
Trolley Wire— 
Smith, Frederick & Co., Wire Manu- 
„не Ltd.......... Salford. Manchester 
The Oriental Tube Co.. Ltd. West Bromwich 
John Russell & Co., Ltd. ......Walsall s 
Valves— 
Bailey, W. H. & Co., Ltd. ............ Salford 3 
Jenkins Bros., Ltd. ............ London, Е.С. 19- 
Varnish Insulators— 
Major & Co.. Ltd. ..................... esee. Hull 6 
Griffiths Bros. < Co. .................. London ta 
Nobles & Hoare (Ltd.)......... London, SE. 12- 
| Ventilating Fan Makers or Ventilating 
eers— 
Electric & Ordnance Accessories Co., Ltd. 
[Birmingham 
James Keith & Blackman Company, Ltd. 
London, E.C. 11 
| Wire Manufaoturers— 
Smith, Frederick & Co, Wire Manu- 
facturers, Ltd.......Salford. Manchester 


800 F' OCCENTOLINE 
IS THE IDEAL OIL 


For ‘SUPERHEATED STEAM’ 


COLE S 
"es 


e уш "DEI 
Registered n si €: E 299 PE M Trade Mark. 


И has an exceptionally high Flash Point. Guaranteed Pure Hydro Carbon, free of impurities, Itis Non«oriosive, 

It will leave no deposit, »nd vill effectually lubricate Cylinders at high temperatures aud pressures, 

800 F’ Occentoline has been adopted by many Electric Light, Power, and Railway Companies, Itisacknowledged 
to be oce ot the Lest in the market on account of its gualiiy. The price is very moderate, It will pay users of 
Superhea ed Steam to give Noo F’ Occentoline Oil a test. Lhe tests of 400 F’ Occentoline are very high. 

Large sample with quotation free of charge on application. 


The Stern Sonneborn Oil Co., Ltd. (.57 25255.) 


М, Government! 
Royal London House, Finsbury Sq.. 

'Phone : 31,797 Londcn 
Wall, 3 linea, London, E.C. ; and Glasgow. 


| MEGOMO 
INSULATING VARNISH. 


| Particulars and Report of Tests on application. 


NOBLES & HOARE (LTD.), 
CORNWALL ROAD, STAMFORD ST., LONDON, S.E. 


A Trial Solicited. 


* ARMACELL" Clear Elastic Insulating Varnish. 


| The MOST ELASTIC and best Insulating Varnish on the Market. 
Unaffected by oil, moisture, or acid fumes. 
Remains flexible under all conditions. 


' *OHMALINE " Black Insulating Varnish. 


| Made in two varieties :— 
Air-drying (No. 68) and Stoving (No. 166). 
Specially made for Coils, &c., subjected to severe conditions as 
| in Tramway, Mining, and Marine Work. 


, *INSULDERM " Insulating Enamel. 


| An excellent Insulator, possessing the property of heat-radiation, 
thereby preventing the possibility of coils becoming overheated. 

Suitable for all Electrical work requiring a durable, Insulating 

| coating. 


Contractors to Н.М. GOVERNMBNT, BRITISH & FORBIGN RAILWAYS, &с. 


GRIFFITHS BROS. & Co., 


| BERMONDSEY, LONDON. 


Tel Add ШАРЕ. Жог... 
Nat Tel 1095. 
сте hea 


Kd ade dons & CoLid, M 
Garrison Side, 26 ^ | Др = = 
Wo Catalogue 


who issue one based 
or practical experverece . 


ie 


‘HIGH-CLASS STEAM ENGINES, 


| MILLGEARING. 


| оз == 
|. REPAIRS & ALTERATIONS A SPECIALTY. 


‘GEORGE SAXON, Ltd., Manchester. 


Kennedy's Patent. 


а ww Glenfield & Kennedy, 


for Steam Boilers, ас. 


KILMARNOCK, SCOTLAND. 
(39, Victoria Street, Westminster.) 


— MAKERS OF — 


EX Hot Water Metors 


G| 77 yi For Measuring the Feed 
-€— of Water supplied to 


Steam Boilers. 
A LARGE NUMBER IN USE. 


Descriptive Pamphlet on Applicatioa. 


хі 


This is Our New " HELIA" 
——Economical Arc Lamp— 
Burning 60 Hours with ONE Carbon at $ Watt per C.P. 


Powerful, Steady, White Light. 


THE BEST FOR DIRECT AND 
—— INDIRECT LIGHTING. —— 


Apply for our Lists and for Wholesale Terms. 


We are Open for Appointing District Agents. 


REGINA ARC LAMP WORKS, 


Cologne-Sulz, Germany. 


| PARAFFIN & PETROL ENGINES. 
- CHARLES PRIGE & SON 


BROADHEATH, NR. MANCHESTER. 


6 Standard Sizes. 2 to 70 B.H.P, 


xiv 


——— 


PROMETHEUS 


— ma, + m 
= „ы 


ЕЕЕ. 


NOI LI 5.510 NS _ 


43111110 


е n "y 1111113 E 
Y 


ELECTRIG HEATING 


DRIVING THE COVENTRY 


(PATENT) 


— THE — 
SPEED REDUCTION BOX 
WHICH CONSTITUTES THE MOST | British Prometheus Co. 
PRACTICAL AND EFFICIENT MEANS LTD. 


WHEREBY SPEEDS OF ELECTRIC 

MOTORS AND HICH SPEED ENCINES 

CAN BE MODIFIED THE JOURNALS 

ARE FITTED WITH BALL BEARINGS. 

IT WILL PAY YOU TO CONSIDER 
THE ADVANTACES. 


{ "E «ent post free 


ELECTRIC HEATING AND | 
COOKING ENGINEERS, 


-Salop St. Works, BIRMINGHAM | 


RAAA OE RAE УМ Ум Алм м 


LONDON SHOWROOMS : 
. 9, NEWMAN STREET, 


The Coventry Chain Co., 2. | 
OXFORD STREET, W. | 


(Dept. I.E.) COVENTRY, ENC. 


rg PATENT SERRATED STEEL SEAMLESS DIL | 


CAN AND PATENT SEAMLESS SPOUT, 


With New Patent Thumb Button and Slide Feed Hole. Made also E Copper 
or Brass for Electrical Machinery. 


Contractors to H.M. 

Navy, War Depart- 

ment, Home Office, 

Indian States Rail- 
way, etc. 


NONE ARE CENUINE UNLESS THEY BEAR 
THE XK LABEL. 


JOSEPH KAYE & SONS LTD., cst. LEEDS; ононе 


GARBON BRUSHES. 


The Glass Brush for Cleaning Commutators. 
ALSO 


THE STRATTON STEAM SEPARATOR, 


99% Dry Steam Guaranteed, 


HEAP & IOHNSON, 


28, Hatton Garden, E.C. 


Telephone: 6602 Central. Telegraphic Address: “ UNISONALLY, LONDON." 
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The 


India Rubber, 


(iutta Percha 


and Telegraph Works Co., Ltd. 


ELECTRICAL ENGINEERS. 


MANUFACTURERS OF 


SILVERTOWN 


DYNAMOS 
CABLES 
INSTRUMENTS 
BATTERIES 


Head Offices: 


106, Cannon Street, 
London, E.C. 


MOTORS 
WIRES 
INSULATORS 
CARBONS 


Works: 


Silvertown, 
London, E. 


BRANCHES: 


Home: 


Belfast: 75. Ann Street. 

Birmingham: 15, Martineau Street. 
Bradford : 1, Tanfield Bdgs., Hustlergate. 
Bristol: 22, Victoria Street. 

Cardiff: Pierhead Chambers, Bute Docks. 
Dablin: 15, St. Andrew Street. 


' Glasgow : 2, Royal Exchange Square. 


Liverpool: 54, Castle Street. 
Manchester: 16, John Dalton Street. 
Newcastle-on-Tyne: 59, Westgate Rd. 


, Portsmouth: 49, High Street. 
. Steftield : 28, Angel Street. 


Abroad: 


Adelaide: 50, Brookman's Buildings, 


Grenfell Street. 
Brisbane: Edward Street. 
Buenos Ayres: Calle Florida, 469. 
Bulawayo: Agency Chambers, 
Calcutta: 1-1, Fairlie Place. 
Christchurch (N.Z.): 234, Cashel Street. 


Durban: Mercantile Buildings, Smith 
street. 


Johannesburg: New Club Buildings, 
Loveday Street. 


Melbourne: 274, Flinders Street. 


Perth (W. A.): 107. Queen's Buildings, 
William Street. 


Sydney: 279, George Street. 
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The “STEARN ” 
English Dade Camps 


METALLIC and CARBON Filament Lamps 
for ALL VOLTAGES. 


For Prices and Full Particulars apply to: 


THE STEARN ELECTRIC LAMP CO., LTD., 


47, Wictoria Street, Westminster, S.W. 


“LIVERPOOL CABLES.” 


We are Manufacturers of 4 
~ VULCANIZED RUBBER 
| CABLES to any Specifi- 

cation. 
AERIAL CABLES. 
HARD-CORD BRAIDED | 


Our Cables are manu- 
,  factured to the Cabte 
À Makers’ Association 
| specifications, and in 
| accordancs with the 
j recommendations of 
| the Engineering Stan- 
dards Committee. 


CABLES for Mining work > 
and rough usage. 


FIRE RESISTING x “ty 
HIE etc. ah 2 SEND US YOUR INQUIRIES. 


THE LIVERPOOL ELECTRIC CABLE CO., LTD., LIVERPOOL, N. 


AUTOMATIC ELECTRIC & 


AND ALL OTHER TYPES OF 


LIFTS 


Every Breakdown of a lift means Delay, Loss, 
| 


and Annoyance. Install ours and you will 
secure continuous service. 


SMITH, MAJOR, & STEVENS 


LTD. 
BATTERSEA, LONDON, S.W. 


Telephone: Battersea 156 and 164. 
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HENLEY’S CABLES 


SiNCLE, VuLoaniseo BITUMEN INSULATED, 
DOUBLE Wire ARMOURED AND SERVED CABLE. 


PAPER, BITUMEN, INDIA-RUBBER 
OR SUTTA- PERCHA INSULATION 


Electric liM Traction, 
Power-Transmission, Telephony, 
Complete Colliery Installations, 
Ships’ Installations, &c. 


W.T.HENLEY'S 


TELEGRAPH WORKS Co., Lr». 
13 & 14, BLOOMFIELD STREET, LON DON, Е.С. 


аре Address - - - HENLEY'S WORKS, LONDON 
Works - - NORTH WOOLWICH & GRAVESEND 


ОНИН 
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UBRICANTS for 


STEAM. GAS, AND OIL ENGINES, 
DYNAMOS, MOTORS, &c. 


PRICE'S PATENT CANDLE CO., Ltd., 
London, Liverpool, Manchester, Glasgow. 


STEAM ENGINES, CORLISS AND OTHER TYPES. 


LARGE GAS ENGINES, 500-5,000 H.-P. ¥ 


—— SUITABLE FOR ANY KIND OF GAS. — 
STEAM BOILERS for HIGHEST PRESSURES 


GALLOWAYS LTD., MANCHESTER. 


JENKINS BROS. 
FULLWAY VALVES 


INSIDE OR OUTSIDE SCREW. 
For 250 Ibs. Working Pressure. Tested to 800 Ibs. Hyd. Pressure. ` ~ 


ALL PARTS INTERCHANGEABLE AND FLANGES MADE . ^3 
TO BRITISH STANDARDS. 


Made of Cast Stoei for Hi Temperatures 
of Superheated Stea i 


me SEND FOR COMPLETE LIST. ® е 


- umi nd к À 
JENKINS BROS., LTD., 95 quw Чуток! тект, мын EC. 


Contractors for Advertisemen | 
Walter Judd, Limited, 6, Queen Victoria Street, Mansion House, R.C. 
UNWIN BROTHERS, LIMITED, THE GRESHAM PRESS, WOKING AND LONDOY. 
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